Hectronic 
Engineering 





Incorporating... ELECTRONICS, TELEVISION & SHORT WAVE WORL 


VOL, 22 No. 266 APRIL 1950 PRICE 2/- 


Here’s a unique opportunity for 
radio - equipment — manufacturers 
needing special multi-unit low-loss 
cables... ! Let BICC design and 
manufacture them to meet your 
requirements. Our engineers have 
had extensive experience in_ this 
field and can also place at your 
disposal the vast research and pro- 
duction facilities of the BICC 
organisation. 

BICC have designed and produced 
numerous multi-unit cables to meet 
specialised needs including flexible 
cables for electronic equipment. 
Some of these are shown below. 


Write to us and Iet us assist you 
with your problems. 


Multicore polythene- Double-quad  poly- Multicore polythene- Polythene-insulated 
insulated and thene-insulated insulated P.V.C. P.V.C. sheathed 
sheathed T/V audio-frequency sheathed flexible multicore cable for 
Camera Cable. cable. TV Camera Cable film studio use. 


——————————— 
LOW-LOSS CABLES 


fNESUU LAY TED EN DER’ 'S CABLES LiMtt eo. 
HOUSE, SHlRvE Et. E:OoNsDON: Wai€ua2 








Electronic Engineering 


This new amplifier with triode cathode-coupled output 
stages has the effect of making the reproduction more like 
the original than ever before. A small proportion of this 
improvement results from the reduction of the Doppler 
effect, which is achieved without lowering the damping 
factor on the speakers, with the consequent distortion and 
transient loss which would follow. 


When listening to an orchestra the low frequencies are usually 
heard towards the right, and the high frequencies towards 
the left. When reproduced through the Vortexion “ Stereo- 
phonic” amplifier with low and high frequency speakers 
suitably spaced according to required listening angle, the 
high and low frequencies are heard in their relative positions 
simulating the effect and appreciation of the original. 


This speaker placing is necessary because our ears are on a 
horizontal plane. The effect would be lost if our ears were 
positioned one above the other, as can be proved by in- 
clining the head sideways. 


Our efforts to achieve “ Stereophonic ” results by the use of 
various choke and condenser cross-over networks between 
the amplifier and speakers were unsuccessful, due to the 
large variation of speaker impedance at various frequencies, 
unevenly loading the resonant circuits. 


After many months of research we finally achieved our aim 
with what is basically two special low-distortion, high- 
damping factor amplifiers in one, each covering a portion 
of the audio spectrum with a sharp cut per octave at change- 
over frequency. 


The acoustical efficiency of the bass and treble speakers 
may vary, so a balancing control is fitted to the amplifier. 
This simplifies the choice of speakers, since each speaker has 
only a narrow frequency coverage. 


The “ Stereophonic ” amplifier is now in production, and we 
invite you to hear a demonstration of what we believe to be 
something new and which will add to your enjoyment of 
music. 


Chassis complete with valves 


Price 364 gns. 


April, 1950 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under 1!” or 12 lines) is: Three lines or under 7/6, each additional line 2/6. 
(The line averages seven words.) Box number 2/- extra, except in the case of advertisements in ‘‘ Situations Wanted,”’ when it is added 


free of charge. 
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At the Coys RATE (if over 1” or 12 lines) the charge is 30/- per inch, single column. Prospectuses and Company’s 
y the advertisement. Replies to box numbers should be addressed 


id. A Pp 
to : Morgan Bros. (Publishers), Ltd., 28, Essex Street, Strand, London, W.C.2, and marked “‘ Electronic Engineering.”’ Advertisements 
must be received before the I4th of the month for insertion in the following issue. 





OFFICIAL APPOINTMENTS 


B.B.C. invites applications for two posts in the 
Planning and Installation Department in London : 

(a) Television Transmitter Engineer in the Radio 
Section and; (b) Engineer in the Power Section. 
Applicants should possess a’ University Degree in 


Electrical Engineering or equivalent qualifications. , 


For post (a) a thorough basic knowledge of elec- 
trical power and radio engineering together with a 
precise knowledge of television theory and practice 
are essential. Desirable qualifications include 
general knowledge of line transmission and aerial 
technique and some experience of the planning and 
installation of high power radio transmitting and 
associated equipment including h.f. and v.h.f. 
apparatus. For post (b) applicants must have a 
broad knowledge of a wide variety of electrical 
plant. The successful candidate must be able to 
take responsibility and to deal with reports, 
business correspondence and works and site tests 
when required. The salary for each of these posts 
is in a grade with annual increments of £40 and a 
maximum salary of £890 per annum. Applications 
stating age, qualifications, details of past and 
present employment and the post applied for, 
should reach the Engineering Establishment 
Officer, Broadcasting House, London, W.1, within 
seven days of the appearance of this advertisement. 

W 2269 


MINISTRY OF SUPPLY invites applications 
for posts in the Experimental Officer Class at 
Aircraft Experimental Establishments in Southern 
England. 1. Physicist or Electrical Engineer to 
plan flight tests and supervise installations of new 
aircraft radio and radar equipments. Radar 
experience essential ; degree desirable. 2. Physicist 
for flight testing of new aircraft navigation equip- 
ment. Electronics experience an advantage, 
degree desirable. 3. Engineer (Mech. or Aero) to 
take charge of section studying problems of glider 
towing and aircraft snatch. 4. Physicist or 
Engineer with general experience transport air- 
craft for work on loading, stressing, etc., of aircraft. 
5. Engineer, preferably with experience on flight 
test work, for aircraft performance testing. Know- 
ledge of aerodynamics an advantage. 6. Engineer 
for work on airframe structures and general 
installation, and engineering appraisal of aircraft. 
7. Physicist or Engineers (Mech. or Aero) with 
interest in aircraft and in flying for performance 
testing and flight test work on prototype aircraft 
and equipment. 
For all posts minimum qualification is Higher 
School Certificate or equivalent, but higher 
qualifications, especially for senior posts could be 
an advantage. Candidates will be appointed as 
S.E.O. or E.O. (Posts 1-6) or as E.O. or A.E.O, 
(Posts included in 7). Entering salary according 
to age, qualifications and experience within ranges: 
Senior E xperimental Officer (min. age normally 35), 
£705-£895. Experimental Officer (min. age nor- 
mally 28), £495-£645. Assistant Experimental 
Officer, £220-£460. Rates for women somewhat 
lower. Posts are unestablished. Application forms 
obtainable from Ministry of Labour and National 
Service, Technical and Scientific Register (K), 
York House, Kingsway, W.C.2, quoting: A32/50 
. for posts 1, 2, 4 and 7 or C87/50.... for posts 
3, 5 and 6. ‘Ageticetion forms must be returned 
nct later than 18th April, 1950. W. 2260 





SITUATIONS VACANT 


MURPHY RADIO LTD. are expanding their 
Electrical Design Laboratory and urgently require 
the services of Television and Radio Engineers 
having good Academic qualifications (Honours 
Degree in Physics or Electrical Engineering) and 
experience in industrial design laboratories. There 
are also openings for Graduates trained in these 
branches but without industrial experience. 
Applications, giving full particulars of training and 
experience, should be forwarded to Personnel 
Dept., Murphy Radio Ltd., Welwyn Garden City, 
Herts. W 2216 


A 


ENGLISH ELECTRIC VALVE CO., Chelms- 
ford require a young Graduate Engineer interested 
in micro wave or general work on electronic valves. 
An interesting position with good prospects after 
suitable training. Write, giving full details, 
quoting Ref. 332, to Central Personnel Services. 
24, Gillingham St., Westminster, London, S.W.1, 

Ww 2247 


BELLING & LEE, LTD., Cambridge Arterial 
Road Enfield, require the services of a qualified 
engineer-physicist, with a wide experience of aerial 
research, to develop television and V.H.F, receiving 
aerials of all types: an inventive flair is highly 
desirable. Salary will be commensurate with 
qualifications and experience. Applications, 
stating age, experience, and salary required, should 
be addressed to the Secretary and will be regarded 
as confidential. W 2213 


ENGLISH ELECTRIC, Stafford, require 
Technical Sales Representatives for their Industrial 
Electronics Dept. Previous experience in this 
field is essential and the successful candidates will 
be employed in the Birmingham and London 
Areas. A car will be provided, Write, giving 
full details of engineering training and experience, 
quoting Ref. 356, to Central Personnel Services, 
English Electric Co. Ltd., 24, Gillingham Street, 
Westminster, London, S.W.1. W2243 


MARCONI’S Wireless Telegraph Co. Ltd., 
Chelmsford, require an experienced Graduate 
Engineer or Physicist, aged 28-35, for work in the 
Research Laboratories. Applicants must be 
capable of designing and producing experimental 
apparatus. A knowledge of Physical Chemistry 
and electronic devices is essential. Write, giving 
full details, quoting reference 247, to Central 
Personnel Services, English Electric Co. Ltd., 24, 
Gillingham Street, London, S.W.1. W 2215 


YOUNG ELECTRONICS ENGINEER, with 
good theoretical background and at least four years’ 
practical experience in the design and construction 
of electrical equipment, required by large engineer- 
ing firm in the Midlands for development of 
strain-gauge testing equipment in Research 
Laboratory. Reply, in writing, stating particulars 
of training and experience, together with salary 
required, to Box No. W 2222. W 2222 


ENGINEER-PHYSICIST (Senior) for develop- 
ment of centimeter-wave electron tubes. Good 
prospects and conditions. Salary up to £800 per 
annum, according to qualifications = experience. 
Edinburgh Area. Box No. 466, J. G. McCallum & 
Co., 21, Castle Street, Edinburgh. 2217 


BRITISH TELECOMMUNICATIONS 
Research Ltd., Taplow Court, Taplow, Bucks, 
require Mechanical Engineering Draughtsmen, 
preferably with experience on radar and radio, for 
interesting and varied work. Also Draughtsmen 
for detail on telecommunications equipment. 
Good working conditions canteen facilities, etc. 
Apply Chief Draughtsman, W 2238 





CORRECTION 


Avo Test Instruments. We regret 
that, in the advertisement for the 
AVO Wide Range Signal Generator 
which appeared on page 16 of our 
March issue, the mains input voltage 
was erroneously given as 100-150 
volts. This figure should read :— 
100-130 volts and 


200-260 volts, 
50-60 c/s. 











METROPOLITAN-VICKERS Electrical Co. 
Ltd., require for their Trafford Park Works, a 
number of senior draughtsmen with experience in 
Radio and Radar equipment. For qualified men, 
these jobs are permanent. Five day week under 
good conditions. Apply, in writing, stating age, 
experience, qualifications and salary required, 
marking envelopes “ Radio D.O.”’ to: Personnel 
Manager, Trafford Park, Manchester, 17. W 2256 


RESEARCH LABORATORIES of the General 
Electric Co. Ltd., North Wembley, Middx., have 
vacancies for graduates for (a) circuit work in the 
field of high frequency valves including travelling 
wave tubes; (b) the design of micro-wave equip- 
ment, video frequency and special waveform 
generating circuits and intermediate frequency 
equipment. Apply to the Personnel Officer, 
stating age, academic qualifications, and experi- 
ence. W 2254 


ENGINEER REQUIRED to initiate and take 
charge of small department for producing special 
cathode ray tubes in pre-production quantities. 
Experienced in mechanical construction of electron 
gun assemblies for tubes or valves essential. 
Knowledge of cathode ray tube processes advan- 
tageous. Apply, stating age, experience and 
salary required to Personnel Department, L/B, 
E.M.I. Ltd., Blyth Road, Hayes, Middx. W 2255 


SEVERAL VACANCIES exist in the Laboratories 
of a Television Manufacturer in North London for 
engineers with experience in design and develop- 
ment of television receivers, components and test 
gear. Applicants should give the following 
particulars: Age, qualifications, previous em- 
ployment. Salaries paid will range between £300 
and £650 per annum. Box No. W 2259 W 2259 


OPPORTUNITIES for young men to be trained 
as Time and Motion Study Engineers. Age 21-25. 
Minimum qualifications, inter-B.Sc. or Higher 
National Certificate (E ngine ering). Apply, stating 
age, qualifications, experience and salary required 
to Mr. E. J. Pittman, Personnel Officer, Philips 
Mitcham Works, Ltd., New Road, Mitcham 
Junction, Surrey. W 2257 


EXPERIENCED TIME STUDY Engineers 
required for Philips Mitcham Works, (radio, 
television and light electrical engineers). Know- 
ledge of Bedaux method of rating is essential. 
Write, giving details of qualifications, experience 
and salary required to Personnel Officer, Mitcham 
Works Ltd., New Road, Mitcham Junction, 
Surrey. W 2258 


ENGINEERS are required by Airmec Labora- 
tories Ltd., of Cressex, High Wycombe, for their 
laboratories engaged upon the design and develop- 
ment of electronic measuring equipment, test gear 
and telecommunication equipment. Applicants 
should have at least a second-class Engineering 
Degree and preferably be members of the I.E.E. 
The successful applicants will be expected to 
become members of Staff Pension Scheme. Initial 
application should be made in writing to the 
Personnel Manager, giving full details of qualifica- 
tions, previous experience, age and salary required. 

NV 2261 


RADAR SERVICE Engineers required by London 
firm specialising in marine radar, Applicants 
should be ex-Army Staff Sergeants or Navy P.O 
Grades with experience service radar and passed 
long radar course. Good pay, prospects and 
travel. Write Box No. 2266. W 2266 


CATHODE RAY TUBE Development Engineer 
required to assist in laboratory work recently 
begun. Degree in Physics or Engineering, some 
experience in design and making of C.R. Tubes, 
and age about 25, all desirable though not essential. 
Man with right background but requiring some 
training for this work will be considered. Interest- 
ing job, as work is rapidly expanding. Salary on 
merit. Write to Personnel Officer, Standard 
Telephones & Cables Ltd., Footscray, Sidcup, 
Kent. W 2270 








CLASSIFIED ANNOUNCEMENTS (Cont'd.) 





LOUDSPEAKERS.—Experienced manager re- 
quired for loudspeaker dept. Senior executive 
position controlling all aspects of design and 
production of loudspeakers for all radio and 
television application. Apply in strict confidence, 
with full details of qualifications and experience to 
Box No. W 2264 2264 


LOUDSPEAKERS.—Fully experienced designer 
and experimental engineer required. Capable of 
developing loudspeakers for all radio and television 
applications. Senior position available. Apply in 
confidence with full details of technical qualifica- 
tions and experience to Box No. W 2265 W 2265 


DEVELOPMENT ENGINEER 25/35 years for 
development of electronic and electrical apparatus 
for laboratory measurement purposes. Engineer or 
Physicist acceptable, preferably with Degree but 
at least H.N.C. standard. Write, stating age, 
education, experience and salary required to, 
Muirhead & Co. Ltd., Elmers End, Beckenham, 
Kent. W 2267 


A PHYSICIST and a physical chemist are re- 
quired for work on new ceramic dielectrics by the 
research division of a company of radio and 
electrical engineers. One vacancy is in a laboratory 
controlling a pilot-plant manufacturing condensers 
and the other is in a research laboratory investi- 
gating the dielectric and piezo-electric properties 
of new ceramic compounds. The first post demands 
a general knowledge of the applications of di- 
electric materials in the radio, television and light 
electrical industries together with experience of 
electrical measurements at audio and megacycle 
frequencies. The second post requires experience 
and ability in research of a physico-chemical nature 
and an interest in the fundamental properties of 
di-electrics. Candidates must be under 30 years of 
age and should possess an Honours Degree in 
natural science or an equivalent qualification. The 
salary offered is within the range £450 to {600 


according to experience and qualifications. The 
posts are in Northamptonshire. W 2269 
DRAUGHTSMEN required for detail and 


assembly drawing of R.F. Heating equipment. 
New air-conditioned factory in Reading area. 
Excellent opportunity for experienced man who 
must be quick and able to produce final drawings 
from rough sketches. Write Box No. W 1065 

W 1065 


REQUIRED IMMEDIATELY, fully experienced 
Electro-mechanical Draughtsmen, age 27-35 years. 
Higher National Certificate minimum. Must have 
IO years experience in mechanical and electrical 
development work. British nationality. Excellent 
salary with congenial conditions. Situated in 
Surrey. Write with past experience in chrono- 
logical order. Box No. W 1067 W 1067 


PHYSICS or Engineering Graduate with experi- 
ence of electronics and acoustics required for 
research department of scientific instrument 
makers in N.E. London. Age 25-35. Write, stating 
experience and salary required, to Box No. W 2271. 

W 2271 


DEVELOPMENT ENGINEERS with good 
practical and theoretical knowledge of audio 
equipment including relay circuitry required by 
well-known manufacturers in Acton. ust have 
had through laboratory experience in this class of 
work previously. Write, giving full details of past 
experience, age, and salary required, to Box No. 
W 2272 W 2272 


CINEMA-TELEVISION LTD. Applications 
are invited from Television Development Engineers 
for positions in a new section now being formed. 
Applicants should have several years television 
circuit development experience in one or more of 
the following fields: (a) Timebase and Scanning 
Equipment; (b) Vision and Sound Receivers ; 
(c) High and Low Voltage Power Units; and 
preferably have commercial experience in designing 
equipment for production. Apply, in writing, 
giving age, qualifications, details of experience, 
salary required, etc., to the Personnel Department, 
Cinema-Television Ltd., Worsley Bridge Road, 
Lower Sydenham, London, S.E.26. W 2273 


RESEARCH ASSISTANT. Applications are 
invited for the post of Research Assistant to 
operate and maintain a small particle accelerator. 
Applicants should sess a Degree in Electrical 
Engineering or the Higher National Diploma, and 
have had at least two years research or works 
experience. Apply in writing to Manager, Research 
Laboratory, Associated Electrical Industries, Ltd., 
Aldermaston Court, Aldermaston, Berks. W 2283 


Electronic lestttig 


DEVELOPMENT AND RESEARCH Engineer 
required, holding Higher National Certificate or 
equivalent qualifications with laboratory and fac- 
tory experience for work on Electronic components, 
with an organisation having overseas connexions. 
Salary will be £550 upwards according to qualifica- 
tions and experience. Superannuation Scheme. 
Applications by letter, giving educational and 
industrial history, age, status, etc., in confidence, 
Box No. W 2272 W 2274 


TECHNICAL ASSISTANT required by a light 
electrical engineering company in the West London 
area for the design and development of F.H.P. 
motor control gear, switches, cutouts, etc. Sound 
knowledge of induction motor characteristics and 
design essential. Good opportunities if qualifica- 
tions and experience are suitable. Apply, giving 
details of age, education and job history, to Box 
No. W 2275 W 2275 


ELECTRICAL DESIGNER required for the 
F.H.P. Motor Laboratory of a large light electrical 
engineering company in the West London area. 
Applicants should have a sound technical and 
practical training, with initiative to accept full 
responsibility of a project from the initial design 
stage to factory production. Excellent prospects 
if qualifications andexperiencearesuitable. Apply, 
giving details of age, education and job history, to 
Box No. W 2276 W 2276 


A NUMBER of Senior and Junior vacancies for 
Radio, Radar, Electronic, Television, etc., Develop- 
ment, Service Engineers, Draughtsmen, . Wiremen, 
Testers, Inspectors, etc. Urgently required, 30 
Television Service Engineers. Write in confidence: 
Technical Employment Agency, 179, Clapham 
Road, London, S.W.9. (BRIxton 3487). W 2277 


STAFF REQUIRED for Engineering Division of 
a firm engaged on instrument and radar equipment. 
Duties involve (a) the engineering and production 
design of new items to be put into production 
after the prototype has been evolved in the 
laboratories, and (b) the clearing of technical snags 
during the various stages of production. Applicants 
should have (a) Degree or equivalent; (b) know- 
ledge of production methods, and; (c) several 
years experience in production design of instru- 
ments or radar equipment. Salary in accordance 
with age and experience. Apply, giving full details 
of training and experience in chronological order 
to Personnel Manager, Ferranti Ltd., Edinburgh 

W 2279 


ENGINEERS required for service work on air- 
craft radio and electronic equipment. Must be 
conversant with modern developments in this 
field and preferably with previous experience in the 
aircraft industry. Consideration will only be given 
to those applicants with a sound technical back- 
ground, and who are prepared to travel. Apply, 
with full details to the Personnel Manager, Sperry 
Gyroscope Co. Ltd., Great West Road, Brentford, 
Middx. W 2278 


THE MULLARD RADIO VALVE CO. require 
men to train for senior positions in their Valve 
Manufacturing, Engineering and Development 
Departments at Mitcham. Applicants must have a 
Degree or equivalent in physics, chemistry, electrical 
engineering, or should have served an apprentice- 
ship in an electrical or light mechanical engineering 
works, with Higher National Certificates, or 
equivalent. Need not have had experience in 
radio valve manufacture, but this would be an 
asset, particularly experience in glass technology 
for certain of the appointments. All applicants 
must have completed their National Service and 
should, preferably, be aged between 25 and 35. 
Posts after training are permanent with good 
prospects of advancement in an expanding and 
highly technical industry. Salaries will be in 
accordance with the Company’s scales, whilst 
training and when the appointments are confirmed. 
Application forms from Mr. Pittman, Personnel 

cer, New Road, Mitcham Junction, Surrey, 
Quoting the reference “‘ SA.” V 2280 


SALES ENGINEER, Excellent opportunity 
offered by large electrical company to keen Sales 
Engineer with experience of electronic instruments 
for industrial use. Applicants must have had 
zctual experience of instrument sales and sound 
technical training. The successful candidate will 
operate from Head Office in London and cover the 
whole of the United Kingdom. As this is a new 
section being developed by the company concerned, 
there are good prospects for future advancement. 
Write, stating education, training, qualifications, 
positions held and salary earned to Box W — 

2282 
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SMALL TELEPHONE manufacturing company 
require Production Engineer, to take charge of 
Progress Department. Applicants, with practical 
experience of manufacturing methods and rate 
fixing for telephone and allied trades should write, 
giving full details of past experience and salary 
required. W 1073 


RADIO VALVE ENGINEER required as 
Technical Assistant in the Factory Valve Engin- 
eering Department. At least ten years experience 
in this kind of work and minimum academic 
ualifications equivalent to Higher National 

ertificate necessary. Write, in confidence, to the 

Personnel Officer, Standard Telephones & Cables 
Ltd., Footscray, Sidcup, Kent, giving details of 
qualifications, experience and salary quer . 
2281 


ELECTRONICS ASSISTANT for _ testing 
transformers and making prototype electronic 
gear. Some mechanical aptitude and N.C. in E.E. 
preferred. State age and wages required. London 
district. Box No. W 1075 W 1075 


ELECTRICAL ENGINEER (electronic) re- 
quired for the headquarters staff at the London 
office. Salary scale £750 a year rising to £1,000 a 
year. Extra duty allowance of 8 per cent of annual 
salary also payable at present. Engagement will 
be on unestablished terms with a prospect, after 
satisfactory service, and as vacancies occur, of 
appointment to the established and pensionable 
staff and promotion to a higher grade. Candidates 
should preferably hold an honours degree in 
Electrical Engineering (Telecommunications and 
Electronics) or be Corporate Members of the 
Institution of Electrical Engineers. They should 
have served an apprenticeship with a firm of 
electrical engineers manufacturing radio or 
associated equipment and have had subsequent 
experience on the manufacturing and technical side 
of the industry. The appointment will, in the first 
instance, be to the Inspection Department and 
candidates should be capable of dealing with the 
problems arising from the inspection of a wide 
variety of electronic equipment by a staff of 
inspecting engineers. yes at once by letter, 
stating age, whether married or single, and full 
particulars of qualifications and experience, and 
mentioning this paper to the Crown Agents for the 
Colonies, 4, Millbank, London, S.W.1, quoting 
M/N/25333 (3B) on both letter and envelope. The 
Crown Agents cannot undertake to acknowledge all 
applications and will communicate only with 
applicants selected for further consideration 

W 2287 


SENIOR ENGINEERS and Physicists are 
required for research and development work in 
the following fields; (a) Microwave circuit design 
and measurements, including wave guides and 
concentric lines; (b) design of microwave aerial 
systems; (c) intermediate frequency amplifiers 
design. Appointments will be given to men 
capable of leading research groups and with con- 
siderable experience in one or more of these fields. 
Applications should be sent to the Personnel 
Officer, Research Laboratories, The General 
Electric Co. Ltd., North Wembley, Middx., stating 
age, qualifications and experience. W 2284 


ENGINEER-PHYSICIST (Senior) for develop- 
ment of centimeter-wave electron tubes. Go 

prospects and conditions. Salary up to £800 per 
annum according to qualifications and experience. 
Edinburgh area. Box No. 706, J. G. McCallum & 
Co., 21, Castle Street, Edinburgh. W 2286 


TECHNICAL ASSISTANT required for pilot 
production unit making special types of thermionic 
valves, gas-filled tubes and vacuum capacitors. 
Practical experience in vacuum work of this nature 
essential. Staff appointment, salary according to 
age, qualifications and experience. Apply to 
Personnel Manager, Ferranti Ltd., Ferry Road, 
Edinburgh. WV 2285 





SITUATIONS WANTED 


QUARTZ CRYSTAL Engineer desires pro- 
gressive situation. 12 years experience in all 
practical aspects of the science, including produc- 
tion and staff control. Fully acquainted high 
vacuum technique, sputtering, evaporating, 
soldering and bottling. Box No. W1070 W 1070 





|CLASSIFIED ANNOUNCEMENTS 
continued on Page 4 
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DISG-SEAL TRIODES 
for Ultra High Frequencies 


For U.H.F. links, local oscillators, and wide band applica- 
tions such as multi-channel communication systems and 
radar altimeters, frequencies up to 1500 Mc/s or even 3000 
Me/s are often required. The Mullard Disc-Seal Triodes 


have been designed specifically for such purposes. 





mn 
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In the ME1001, adequate cooling and low inductance are 
combined in the design of the anode and grid discs to give 
an anode dissipation of 10 watts and an upper frequency 
limit (as an oscillator) of 3750-3500 Me/s (8-8.5 cm). 


The ME1003 is basically similar in design to the ME1001, 
but the larger electrodes permit an anode dissipation of 


25 watts. However, the larger clearances necessary to 





















































i 
; obtain this value, limit the upper frequency to 2500 Me/s. 
; 
; PRINCIPAL CHARACTERISTICS 
, ME 1001 ME 1003 
‘ d. Heater Voltage (V) 6.3 6.3 
: Heater Current (A) 0.4 1.0 708. 
: Max. Anode Voltage (V) 350 800 
4 Max. Anode Dissipation (W) > 28 
d Max. Anode Current (mA) 50 200 
: Max. Peak Anode Current (mA) 150 800 ‘ae 
; Power Output (W) 0.8 6 
(at 3000 Mc/s) | (at 1500 Mc/s) 
; (at 600 Mc/s ) | (at 430 Me s) 
d Mutual Conductance (mA/V) 6 20 
; Amplification Factor 30 30 

















B.I.F. OLYMPIA 


WE ARE EXHIBITING fe 

IN THE SCIENTIFIC IN- 

STRUMENTS SECTION Fo 
STAND C69 of 


THERMIONIC VALVES 
& ELECTRON TUBES 


— INDUSTRIAL POWER VALVES . THYRATRONS . INDUSTRIAL RECTIFIERS . PHOTOCELLS 
A FLASH TUBES +. ACCELEROMETERS . CATHODE RAY TUBES . STABILISERS AND 
REFERENCE LEVEL TUBES +. COLD CATHODE TUBES . ELECTROMETERS, ETC. 


we ow 


So ey ws 





| MULLARD ELECTRONIC PRODUCTS LIMITED, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
—_ MVT 64 











CLASSIFIED ANNOUNCEMENTS (Cont'd.) 





TELEVISION ENGINEER, experienced in 

responsible px sitions, camera and pulse equipments, 

design, instruction and writing, desires change. 
W 1063 


PRACTICAL ENGINEER layout and construc- 

tion all types valve operated equipment from 
theoretical diagram, without supervision. Working 
drawings. Final diagrams. Desires post, London 
area. Box No. W 1076 W 1076 





EDUCATIONAL 


A.M.LE.E., City and Guilds, etc., on ‘“ NO 
PASS—NO FEE” terms. Over 95 per cent 
successes. For full details of modern courses in all 
branches of Electrical Technology, send for our 
handbook—FREE and free. 





BiEt. post 

B.I. (Dept. 337B), 17, Stratford Place, 
London, W.1. 100 

FOR SALE 

AMERICAN MAGAZINES. One year post 
free. ‘‘ Radio Electronics,” 32s. 3d.; ‘ Audio 
Engineering,” 28s. 9d.; ‘‘ Radio and Television 
News,” 36s. ; “‘ Popular Science,” 28s. 6d. S.A.E. 


for full fist from Willen Ltd. (Dept. 9), 101, Fleet 
Street, London, E.C.4. W 2214 


WEBB’S 1948 Radio Map of World, new multi- 
colour printing with up-to-date call signs and fresh 
information ; on heavy art paper, 4s. 6d., post 6d. 
On linen on rollers, 11s. 6d., post gd. W 102 


MERCURY SWITCHES are made by Hall 
Drysdale & Co. Ltd., of 58, Commerce Road, 
Wood Green, London, N. 22. Phone BOWes 
Park 7221-2. W 107 
TELEVISION RECEIVER. Ex-W.D. (London 
frequency). Perfect reproduction with magnifying 
lens, but less cabinet. Best offer over £15. ’Phone: 
CLIssold 7364. W 1074 
RELAYS. Elliot 
resistance 1,000 
Operating current 


Type H, D.C. moving coil, 
ohms, plus/minus 100 ohms. 
238/378 micro-amps, S.P.C.O. 
Contacts. Price 35s. each. Clare. 45 ohm. coil, 
S.P. normally closed contacts, miniature type, 
price 2s. 6d. Advance. 16-32 volts operating, 
D.P.C.O. contacts, miniature type, price 3s. 6d. 
Struthers-Dunn. 175 ohm. coil S.P. normally open, 
heavy current contacts, price 5s. 6d. P.O. type 
10,000 ohm. coil, 2 sets D.P.C.O. contacts, price 6s. 
Various types of relays in stock. Record Electric 
Tachometers 0-5,000 r.p.m., 3 phase generator 
and indicator complete £4 each. Infra-Red Sniper- 
scopes, CV143 complete unit with lenses ready for 
operation. Price £2 10s. All the above items are 
brand new, boxed and guaranteed. Add 1s. 6d. for 
carriage and packing. Wilfo Products, 218-222, 
Gorbals Street, Glasgow, C.5. Telephone : South 
2385 ’ 2268 


AUTOMATIC Voltage Regulators for AC mains. 
Ferranti 7.5 KVA; moving coil; frequency com- 
pensated ; undistorted output waveform. Tapped 
to suit any nominal supply between 200 and 250 V, 
I ph, 45 to 66 cps. Input voltage may vary from 
88 per cent to 108 per cent of nominal. Output: 
100 per cent + $ percent. Complete with voltmeter, 
spares, handbook. Brand new, in original oiled 
paper wrappers and export packing cases. Gov't 
surplus. Offered at a fraction of normal cost. 
Overseas enquiries invited. P. B. Crawshay, 166, 
Pixmore Way, Letchworth, Herts. W 1068 


ELECTRONIC SCIENTIFIC and _ Optical 
Instruments. Experimental and Production 
enquiries solicited. Apply, H. Smith Instrument 
Works, 38, Salisbury Road, Highgate, London, 
N.19 W 1055 


2 FINCH FACSIMILE Transmitter/Receivers, 

type FRS 140-C, for sale. In good condition. 

Used less than 50 hours. Apply Box No. W 2288. 
W 2288 


THE FAMOUS R.A.F. noise suppressors for 
suppressing all noises from A.C. or D.C. mains. 
Only 7s. 6d. plus 1s. 6d. carr. Copper tubing 36 yd. 
rolls inside diameter 5/16th’s. plus 4s. 
Chassis containing eight useful television 


Only 50s., 


carr. 
valves. Only 5s. plus 1s. 6d. carr. 3 inch C.R.T. 
in chassis. Handy for building oscilloscope, 14s. 


plus 2s. carr. Rectifiers 24 V. 5 amp. 12s. 6d. 


24 V. 3 amp, 1os.; 24 V. 2 amp, 7s. 6d. Trans- 
formers 28-15 V. 3 amp, 15s. plus 2s. carr. Con- 
verters 24 V. D.C.-230 V. A.C. 75 Watt. Complete 
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with meter, fuses and volts control £3 ros. plus 
7s. 6d. carr. Pressure gauges 0-30 lb., 7s. 6d., plus 
1s. carr. Oxygen bottles 7s. 6d. plus 2s. carr. "Elec- 
tron multipliers 32s. 6d. plus 1s. carr. Mercury 
switches, 2s. 6d. plus 6d. carr. Many other lines 
S.A.E, for list. John Clark & Co. 29. High Street, 
Buxton, Derbyshire. W 1072 


ENTIRE CONTENTS of well-equipped Elec- 
trical and Chemical Laboratories for sale, covering 
Meters, Radio Frequency Measuring Instruments, 


Bridges R.F., Moving Coil Instruments, Avo- 
meters, Scales, Microscopes, etc. Apply for com- 
plete list to Truvox Engineering Co., Ltd., 130, 


Mount Street, London, .W.1. W 2262 


MAGSLIP TRANSMITTERS, Resolvers and 
Receivers. Also Ipots Model A.R.L. No. 1 Mk. I. 
Write for details to Box No. W 1077 W 1077 





SERVICE 


GLASSBLOWING, repetition and scientific, by 
Hall Drysdale & Co. Ltd., of 58, Commerce Road, 


Wood Green, London, ’N.22.. Phone BOWes 
Park 7221-2. 109 
TROPICAL TESTS (K.110, etc.) for electrical 


carried out at 
Box W 1071. 
W 1071 


equipment, components, etc., 
moderate charge by Consultants. 





WANTED 


WE WILL BUY at your price used radios, 
amplifiers, converters, test meters, motors, pick- 
ups, speakers, etc., radio and electrical accessories. 
Write, phone or call, University Radio Ltd., 22, 
Lisle Street, London, W.C.2z. GERrard 4447. 

W 103 


WANTED URGENTLY. 
“ Electroflo’’ any range multi-point. 

model, No. points, price to Cresswell’s : 
Co., Ltd. P.O. Box 50, Bradford, Yorks 


Recording Pyrometer 
Details of 
Asbestos 
W 1066 





PATENTS 


INVENTORS if you wish to protect your inven- 
tion you should take steps to protect it by a Us. 
patent. Whether an invention is patentable can 
be substantially determined by a search of the 
U.S. Patent records. Without obligation, write 
for information explaining the steps you should 
take to secure a patent. George B. Oujevolk, 509, 
Fifth Avenue, New York, 17 N.Y. W 2263 


THE PROPRIETOR of British Patent No. 
582,178 for ‘‘ Improvements in and Relating to 
Sound Recording Devices,’ desires to enter into 
arrangements by way of licence or otherwise 
reasonable terms for the purpose of exploiting the 
invention and ensuring its full development and 
practical working in this Country. All com- 
munications should be addressed to C. Lockett 
Hughes, 46, Bedford Row, London, W.C.r1. 

W 1062 





L.T.P. REWIND SERVICE 





All rewinds are 
Layer Wound, Vacuum Impregnated, 
Pressure tested at 2,000 volts 
and guaranteed for three months. 
48 hour service. 


Enquiries: 
London Transformer Products Ltd. 
L.T.P. Works, Cobbold Estate, 
Willesden, London, N.W.10 


Telephone WiLlesden 6486 
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MAGSLIPS 


Resolvers, Transmitters, Hunters, 
Receivers, etc., 2” and 3” types. 


SELSYNS 

Power and Phase-Shifting types. 

INDUCTION MOTORS AND 
VELODYNES 

Send for list and technical details. 
Geiger-Miiler counters U.S.A. make, 50/- 
Vacuum relays 6 volt 35mA. (approx.) 
fitted 4-pin valve socket (Brit.) 6/6 

HOPTON RADIO, 


1, Hopton Parade, Streatham High Road, 
LONDON, S.W.16. 





"phone : STReatham 6165 























Silver 


IMMEDIATE DELIVERY OF GRADES 
FOR METALLIZING 


CERAMICS, MICA, 
GLASS & PLASTICS 














All Enquiries to our NEW ADDRESS— 


42, TOWNGATE STREET, 


POOLE, DORSET 


Telephone No. Poole 1241 





Liquid 





QUAY, 
>? 
b 


MAINS TRANSFORMERS 
A.F. TRANSFORMERS 
SMOOTHING CHOKES 

THERMAL{ DELAY SWITCHES 
SLIDER RESISTANCES 
Made by 


OLIVER PELL CONTROL LTD 

















P 
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VALVES Bi2s4a\5 


: PURPOSES 19G6 











Miniature high voltage indirectly 





heated half wave rectifier 





This miniature half wave rectifier was designed to meet those requirements 
calling for an indirectly heated rectifier of small dimensions, capable of supplying 
2.5 Kv. at up to 30mA., e.g., oscilloscopes, etc. 











RATING 

4 Heater Voltage 4 volts 
Heater Current 0.5 amps 

ADES Max. Peak Inverse Anode Voltage (Wkg) 6 Kv 
Max, Peak Inverse Anode Voltage (no load) 7Kv 

‘ Max. R.M.S. Voltage applied 2.5 Kv 

“A, Max. Mean Anode Current 30 mA 

Ics r Max, Peak Anode Current 180 mA 
Min. Surge Limiting Resistance 5400: 
Max. Reservoir Capacitor 1.1 UF 
BASE B7G Miniature 

ET, LIST PRICE £2. 0s. 0d. (provisional) 








| NOTE :—Cathode and heater should normally be tied externally. If left free, 
the heater to cathode voltage must never exceed 10 volts peak. 

The heater must be switched on for 20 seconds before the anode voltage is 
applied. 

All maximum ratings are absolute values not design centres. 


EIDUSWANN 


MAZDA 
RADIO VALVES AND CATHODE RAY* TUBES 


























THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, Ss 
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Actual size illustration 


RATINGS 


Filament Voltage .........0++++ . 1.4 volts 
Filament Current +. O.14 amp 
Peak Inverse Voltage .....15 max. KV* 
D.C. Output Current ..... 2 max. mA 
Peak Anode Current ...... 12 max. mA 
Surge Anode Current ..... 40 max. mA 
Anode to filament capacitance. 0.65pF 





* For circuits where anode and 
filament voltages rise at approxi- 
mately the same rate, e.g., as in fly- 
back and R.F. oscillator circuits. 
Where used on power input circuits 
with full A.C. anode voltage —e 
on switching, the maximum P. 

is 1OKV. 








VALVES 


NEW high efficiency 


E.H.T, 
rectifier 


for 


Television 
Tubes 


sr 
U37 


MINIATURE BULB 


The Osram Type U37, because of its low filament 
rating and capacitance, greatly improves circuit 
efficiency. This miniature directly-heated half-wave 
rectifier has been primarily designed to provide EHT 
for cathode ray tubes from an R.F. source or by 
rectification of the flyback voltage. It is also suitable 
for use in peak reading voltmeter circuits where its 
low capacitance allows satisfactory operation at high 
frequencies and its 1.4 volt filament may be operated 
from a single unit cell. It is a soldered-in type 
valve, 40 mm. overall excluding connections. 







THE POWER \ 


IN THE PACKAGE \ 
: \ 








THE 


GENERAL ELECTRIC co. 


MAGNET HOUSE, KINGSWAY, w.c.2 
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HE R.C. Oscillator Type D-330 gives a wide range of known levels into 
a 600-ohm load at any frequency from 20 c/s. to 20 kc/s. 


| BRIEF SPECIFICATION Post this coupon 


FREQUENCY: 20 c/s— 20 kc/s. 
ACCURACY: +1% or better. BY PASTING ON A_ POSTCARD 


OUTPUT LEVEL: 1W or 10 mW into 600 ohms, MUIRHEAD & CO. LTD. 














selected by means of a switch. BECKENHAM: KENT: ENG. 

ATTENUATORS : 7 steps of 10 db plus 12 db | Please send me Bulletin B-614-C fully describing the 
continuously variable. R.C. Oscillator advertised in Electronic Engineering 
HARMONICS: 1-75% total at 1 W above 40 c/s 

1-0% total at 10 mW above 40 c/s. ER 

HUM LEVEL: 50 db below output level. SERIES PA eitieeantie el boric ame 





DIMENSIONS: 20}-in x 12}-in x 11-in bench 
mounting —can be supplied for 19-in rack 
mounting if required. 


MUIRHEAD & CoO. LTD. ccttczisics 
PRECISION ELECTRICAL INSTRUMENT MAKERS ‘SWiGh tds lse-UD) 


BECKENHAM °: KENT -: ENGLAND tectricat instruments 


Telephone : BECkenham 0041 Telegrams & Cables : MUIRHEADS ELMERS-END M.U.AT 
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BMH. 
STRIAL HEAT 
TYROS 


for Moulding Compounds 


DIELECTRIC HEATING is a modern 
application of electronics in industrial pro- 
cesses whereby a rapid temperature rise, 
uniform throughout the mass, is readily 
produced in materials that are inherently 
poor conductors of heat. 

Advantages of high-frequency heating 
are:—marked reduction in _pre-heating, 
mould-closing, and curing times—improved 
quality of mouldings, and less wastage— 
increased press capacity due to improved 
flow characteristics of uniformly heated 
material—reduction in mould wear. 

Illustration shows a 1 kW standard 
equipment Type FA24 

Other types of industrial heaters 
manufactured by BTH include resistance 
and induction heating equipment. 





= 


ee 


saaensnet 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO., LTD., RUGBY, ENGLAND 
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ETCHED FOIL 
DRY ELECTROLYTIC 


CONDENSERS 


HESE Etched Foil types provide very large 

capacities in an extremely compact form. They are 
hermetically sealed into aluminium tubes or cans and 
employ *‘ALL-ALUMINIUM”’ construction. 

The advancement in technique now enables the 
production of Etched Foil Electrolytics comparable 
in reliability to the well-tried Plain Foil types, and 
they can be used in both reservoir and smoothing 
positions where the ripple ratings are not exceeded. 
T.C.C. Condensers are exclusively specified in the View Master Asa general guide, the ripple ratings of Etched 


the Television Set you build at home from standard parts. Constructor Foil Condensers are roughly half those of equivalent 
er Wiekes Shoes.” London, or , Sutton Coldfield) 5/- each from Plain Foil Condensers. 


THE TELEGRAPH CONDENSER CO. LTD 


RADIO DIVISION: NORTH ACTON, LONDON. W.3 Tel: ACORN 006! 
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INFORMATION 


about the 
switch that 
is superior 


INSIDE 






L. you’re interested in switches — and who isn’t these 

- — spare a minute to examine this ‘X-ray’ picture of a ) 
utler-Hammer 10 amp. switch. See the ingenious ‘snuffer’ Cr 

action —.an original C-H feature — which eliminates pitting NOTE THESE C.-H. FEATURES 

> — —_ breaking — Bi pom = @ Famous Cutler-Hammer “ Snuffer’ action 
e silver alloy moving contact is self-aligning and self- P ; 

cleaning. And finally observe the substantial area of the th paongas Paravyhe = cae — 

spring-leaf fixed contacts to ensure cool working. negng contest ong. DETEN . actuating 

Now if you're looking for a robust switch for a real job SPring @ One piece moulded case @ Insulated 
of work, here’s the fellow to do it. May we submit samples and toggle lever @ Large headed terminal screws 
details of the wide range of operating mechanisms available? @ Quick make and break mechanism. 


Other British N.S.F. products include : ‘ Oak ’ Nominal ratings 6 or 10 amps. 250 volts — 

Rotary, Push-button and Slider switches ; Carbon suitable for A.C. and D.C. service. Available in a 

and wire-wound potentiometers for Television wide range of single and double pole types operated 
and Radio applications ; Paper tubular capa- by lever, plunger, slider or trigger, with screw 
citors ; Wire-wound resistors. terminals. Enquiries invited. 


CUTLER-HAMMER BRITISH N-S-F co. LTD. 


KEIGHLEY - YORKS 












7 ——e 
APPLIANCE SWITCHES ies . i 
= mae? Phone: Keighley 4221/5. Grams: ENESEF, Keighley 








Sa LONDON OFFICE : 9 Stratford Place, W.1. Phone: Mayfair 4234 


licensees of ‘granic Electric Co. Ltd. for the above products of Cutler-Hammer Inc. 
Milwaukee, U.S.A. 
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ST ACCURAC B 
WHERE EXTREME ACCURACY Is Regy, | 
Up 


















Made in Three 
Principal Materials 


FREQUELEX 

An insulating material of Low Di-electric 
Loss, for Coil Formers, Aerial Insulators, 
Valve Holders, etc. 


PERMALEX 

A High Permittivity Material. for the 
construction of Condensers of the 
smallest possible dimensions 


TEMPLEX 

A Condenser material ot medium 
permittivity. For the construction of 
Condensers having a constant capacity 
at all temperatures 





BULLERS LOW LOSS CERAMICS 


BULLERS LTD., 6, Laurence Pountney Hill, London, E.C.4. : Mansion House 997! (3 lines) 


on 
Telegrams : ‘‘Bullers, Cannon, London.’ bediinane Office : 196, Deansgate, Manchester 











90 
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ONE OF THE NEW LINES AT THE 
R.E.C.M.F. EXHIBITION 1950 


(STAND No. 66) 










* SCREENECTORS ’ RUBBER WASHER 
A NEW 
RANGE 

OF SCREENED 

CONNECTORS 





SHOWING 
METHOD 
OF 
LOADING 
RUBBER 
SET «(ACTUAL SIZE) 


RETAINING NUT 











(ube HTP 
2| e 
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COAXIAL 


1.722/P Flex plug. Above right. 
1L.722/S_ Chassis socket not shown. 


2-POLE 


L625/P_ Flex plug. 
L625/S_ Chassis socket. Above left. 





Above right. 


L715/P_ Flex plug. Above right. 
L715/S_ Chassis socket not shown. 


L723 Through Chassis socket not L689 Through Chassis socket not L716 Through Chassis socket. 
shown. shown. Above left. 
L724 Flex socket. Extreme left. L690 Flex socket not shown. L717 Flex socket not shown. 


* SCREENECTORS ’ 

This new range of screened connectors in light alloy 
is based upon the draft R.E.C.M.F. specification for a 
non-reversible screened plug and socket to load cables up 
to 0.24 in diameter over the braid. 

Single or multipole contacts may be assembled into the 
common housings which are designed so that various 
applications may be employed, e.g. line connector, flex 
plug and chassis socket and vice versa, through chassis 
(bulkhead) connector, each part interchangeable in_ its 
appropriate position in the assembly. 

Other design features include: (1) High grade bakelite 
insulators Nylon X17163 or 
equivalent. (2) Simple assembly 


OTHER NEW LINES 

In addition to the ‘‘Screenectors’’ described here we 
hope to show a reliable 10mA fuse (** Minifuse’’ Pat. app. 
for) ; valveholders for B7G, B9A and for Duodecal C.R.T. 
base. 

Aerials will not be forgotten, and the following television 
aerials introduced since the 1949 show will be exhibited: 
** Multirod ’’ 4 element array for fringe areas ; ** Viewrod ”’ 
“H’ type 0.15 wave spacing ; “ Twinrod ’’ outdoor dipole, 
windowsill or gutter board mounting dual purpose aerial. 
“ Viewflex ’’ all flexible indoor dipole. The popular 
* Doorod ”’ indoor aerial will 
be shown together with the 





and loading. (3) Positive quick 


| Characteristic 


well known ‘‘Skyrod”’, 





Capacitance 

. H i : Contact on H FY 99 66 H ” 
action locking device. (4) Type | ap oe | eemuae. | Gaekeent | Ceabeuia Eliminoise = Winrod ”’, 
Machined light alloy screened | conductor screen and Carod broadcast 
housing finished for instrument ai ; aerials. : 

s Coaxial 75 Less than _ — ae . 

panel requirements. wry 100 5 milliohms opr | (25 pF Our representative will 

The characteristics of these 3-pole — each —_ | _ welcome all enquiries at our 
connectors are shownopposite. Stand No. 66. 

* at | Me/s 





























BELLING ¢ LEE LTD 


CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 
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COSSOR LTD., 
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Further details obtainable on application to :— 
INSTRUMENT DIVISION, HIGHBURY, 
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LONDON, N.5 
O111 
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The new range of 













































SenTerCel miniature H.T. Selenium rectifiers 2) 4 
have these unique features : | 8 II 
ia | \\ See Jl 
. . . . . a 
rvoir f NO 
@ No limit to size of reservoir capacito --- ; Es Hl if atfp- 
@ Withstands overloads such as charging cur- | 8a | | f | 
rent of deformed electrolytic condensers | wd) HATH 
ee = oa 
@ Low price. DRM1B 1-375" 
; : > -DRM2B1-75° 
@ Small size and light weight. DRM3B 1:75" 
@ Simple mounting. 
@ Outlast life of equipment. 
@ Instant starting. 
@ Low heat dissipation. | 
fo | DRMIB 2:25" 
Drv, DAME. — DRM2B2:312'+ 
9 80 =P 100 tog DRM3B 2-312 
ye if Sw Maximum Output Current 
0 NW | (at 35°C) RATINGS 
L LA om TYPE | DRMIB | DRM2B | DRM3B 
Maximum ambient temperature . . Z 35°C 55°C 35°C 55°C 35°C | 55°0 
Maximum output current (mean) Pa | 60 mA | 30mA | 100mA | 60mA | 120 mA | 90 mA 
{ i Maximum input voltage (r.m.s.) . . ie 250 volts 250 volts 250 volts 
100 200 Maximum peak inverse voltage . . 700 volts 700 volts 700 volts 
Maximum instantaneous peak current . . Unlimited Unlimited Unlimited 
Maximum Input Voltage WE nk. ae a0. peek fea 2°5 oz 3°35 oz 4°7 02 
: 300 (rm.s. 





SELENIUM 








RECTIFIERS 


0-25 1, | Maximum instantaneous 
Peak Current—unlimited 


’ Pal Standard Telephones and Cables Limited 


(Registered Office: Connaught House, Aldwych, London, W.C.2) 











RECTIFIER DIVISION, WARWICK ROAD, BOREHAM WOOD, HERTS. Telephone: Elstree 2401. Telegrams: Sentercel Borehamwood 
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istory! 


Prehistoric man, in his instinctive urge 
for advancement, discovered that by 
extracting certain clays from the ground, 
treading them into pliability and roughly 
fashioning them into shapes before 
baking them in the sun, he could make 
serviceable vessels for drinking or for 
the storage of food or liquids 


From this early beginning progress was 
made—by using primitive ovens for 
baking when the sun was lacking in 
sufficient heat ; by using the different 
coloured clays various districts provided, 
thus creating the first attempts at colour 
decoration ; and then a genius of the 
tribe discovered that by building up his 
rough pot on the flattened side of a 
boulder which had a pointed base he 
could, by spinning the boulder, manipu- § 
fate his clay into various shapes—the 
beginning of the potter's wheel. 





MAY 8-19 
CASTLE BROMWICH 
BIRMINGHAM 


SEE OUR EXHIBIT 


TAYLOR, TUNNICLIFF & CO. LTD. Head Office : EASTWOOD 
london : 125 HIGH HOLBORN, W.C.!. Holborn 1951. 


TAYLOR, 
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In| modern times the multifarious 
products in porcelain. made by the 
Taylor Tunnicliff organisation range 
from microscopic insulating units so 
minute as to be scarcely visible to the 
naked eye, to giant porcelains for the 
highest voltage switchgear, transformers 


transmission systems, etc. 


Whatever your insulation problem may 
be, whether it be in connection with the 
bulk supply of electricity, tele-communi- 
cation systems, or domestic apparatus, 
Taylor Tunnicliff can help you, and their 
Research Department is at your service 
—including their Impulse Generator 
constructed for studying the behaviour 
of Insulators under steep-fronted tran- 
sients up to 1,200,000 v. peak amplitude 


TUNNICLIFF 
PORCELAIN 


Keeps Electricity in its place. 


HANLEY - STAFFS ~ Stoke-on-Trent 5272-4 


Factories at : Hanley, Stone and Longton, Staffs. 
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accurately measured 
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The ‘CINTEL’ Microsecond Counter 


Chronometer 

Will measure very short time intervals in the range 
1 Microsecond to 1 Second with an accuracy of -+-1yS, 
+0.005% and 10 Microseconds to 10 seconds with an 
accuracy of +10uS, +-0.005°%. 

The instrument has many other applications apart from 
Time measurement including Random Counting, Frequency 
Measurement, Frequency Division etc. 

For further particulars please write for Leaflet No. MCC1/1. 



















































CINEMA - TELEVISION LIMITED 










































° A Company within the J. Arthur Rank Organisation 
(950) FOREMOST IN THE MANUFACTURE OF 
@ Counters & Chronometer: @ Metal Detectors @ Oscilloscopes @ Photo-Electric 
MAY 8-19 Cells @ Cathode Ray Tubes e Geiger-Muller Tubes @ Electronic Instrumen:s 
EARLS COURT WORSLEY BRIDGE ROAD’ LONDON : S:E°-26 


& OLYMPIA Telephone: HiTher Green 4609 


SEE OUR EXHIBIT Northern Agents: Scottish Agents: Ks Z:, 


CUVEE F. C. ROBINSON & PARTNERS LTD — ATKINS, ROBERTSON & WHITEFORD LTD 
Stand C.16 287 Deansgate, Manchester 3 100 Torrisdale Street..Glaseow §.2 
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The Metrovick 


Stabilised D.C. Power Unit 


N laboratories and meter testing 

stations there is often a demand 
for a highly stable d.c. voltage supply. 
The Power Unit, Type 222, has been 
produced to satisfy this demand. 


Supply : 
Output : 


Stability : 


SPECIFICATION 


200/250V, A.C., 50 c/s., 
single-phase. 

Between 660 and 680 volts 
D.C. (fixed) at up to 250 mA. 
Maximum drift over 10 min-4 
parts in 100,000. 

Maximum drift over 1 hr-1°s5. 
parts in 10,000. 

These figures apply for mains 
input changes not exceeding 
+ 5% after warming up 


period of two hours. 


Output Impedance: Better than o:1 ohm. 
Output Ripple: Approximately 2mV r.m.s. 


Stabilised D.C. Power 
Unit, complete with 
Voltage Divider Type 292 
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METROPOLITAN-VICKERS ELECTRICAL CO. LTD. | 


} 


TRAFFORD PARK, MANCHESTER 17 





R/E 904 
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__ MINISCOPE 
displays Audio Grid overload 


A.F. amplifier test. Test signal to input, 
Miniscope probes across speech coil. 
— . aia Trace shows grid overloading of output 
under test— * . 
inal ceortadialinaawave: valve due to excessive input voltage. 
generous amplitude. 








The M.861B ‘‘Miniscope’’— the most compact of all oscilloscopes 
—weighs only 74 Ibs and measures only 62” in height—yet is a 
thoroughly reliable portable instrument of immense value to 
the serious radio engineer —and at a reasonable price. 
Specification 

““X"’ plate sensitivity 50 v/cm. ‘ Y’’ plate sensitivity 60 v/cm. 

Time Base frequency sweep 10-50,000 c.p.s. Price £21.0.0 
“Add-on ’’ Units available 

M.862B Double Beam Unit M.863B I.F. Alignment Unit 





Price £12.0.0 Price £8,10.0 
DELIVERY —AT ONCE Send for leaflets Nos. X. 9832, 
X.365 and X.475 
minimise m 
trouble shooting with a sée 
MINISCOPE | 





THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 


‘IN three rreversibig ae is the name of a range 
pies pie? of the handiest ‘ hook’-up wires 
sy in the radio and electronic fields. 
Obtainable in single and stranded conductors 
and a wide range of single and multiple colours 


May we send you samples and technical details? 








THOMAS DE LA RUE & CO. LTD., Plastics Division, Imperial House, Regent Street, London, Ww.il. 
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hould 


replace it 
with TUFNOL? 


Almost anything made in hardwood, 
metal, or the many electrical insulating 
materials can be made in Tufnol. If failures 
in these other materials are traceable to 
splitting or splintering, corrosion, moisture, 
extremes of climate or excessive weight 
— Tufnol should certainly be considered 
as an alternative—an alternative, be it 
noted, not a substitute. Being selected 


for its own chemical resisting, electrical 


TUFNOL LTD 


insulating, and mechanical qualities, 
Tufnol has made itself indispensable to 
engineers and industrialists everywhere. 

Tufnol is used because it gives better 


service and cuts maintenance costs. 
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TO KEEP YOU POSTED 


What Tufnol has done is instanced 
in the various Tufnol Publications 
which also contain useful data. 
Should yours be a new problem 
our Technical Staff will take 
it up with enthusiasm, and 
their findings will be placed 

at your disposal. Why not 
write TODAY ? 


TUFNO 


REGISTERED TRADE MARK 


An ELLISON Product 
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ATOMIC ENERGY FOR INDUSTRIAL USES 


lo Trueman-Wood Lecture given by Professor 
M. L. Oliphant, F.R.S., to the Royal Society 
of Arts last month on the Industrial Applications 
of Atomic Energy has done much to bring this 
aspect of atomic energy into a bright perspective 
in contrast to the gloom caused by the recent 
announcement of the new hydrogen bomb and its 
military consequences. At the same time it dispels 
many popular illusions held by the layman regarding 
the non-military applications of atomic energy. 

Professor Oliphant gives us a glimpse of the not- 
too-distant future when all our electrical energy 
will be generated from nuclear reactors and when, 
he says, the present-day restrictions on the consump- 
tion of electricity will be replaced by a positive urge 
to use it, and electric clocks will really tell the time. 

Power engineers may be inclined to disagree with 
Professor Oliphant’s statement that the cost of coal 
in the present day power station is about one-third 
of the charge to the consumer and his inference 
that if the fuel were free, the cost of electrical 
energy would be reduced by 30 per cent. In point 
of fact, the cost of coal for a modern efficient power 
station is about 10 per cent of the unit charge, 
while the remaining 90 per cent is absorbed in 
distribution costs and depreciation charges. 

It is true that when nuclear power stations have 
replaced the present power stations the unsightly 
coal dumps, coal- and ash-handling equipment will 
disappear for ever, but it is unlikely that electricity 
will be appreciably cheaper. 

The change-over is by no means the simple one 
of replacing the coal-fired boiler by a reactor, and, 


E 


as Professor Oliphant points out, there are many 
problems still to be solved. 

By no means the least of these is the satisfactory 
disposal of the fission products. These, according 
to him, are equivalent in activity to many tons of 
radium, and if buried or thrown down a disused 
mine, for example, they may reappear in under- 
ground water supplies with disastrous results. 
Moreover, the uncertainty of ocean currents renders 
it hazardous to dump the fission products into the 
sea, even into deep sea when sealed in containers. 

However, these are technological problems which 
are not declared insuperable, and already the con- 
struction of two reactors in the U.S.A. has been 
announced by the Atomic Energy Commission for 
experimental purposes. 

Ultimately, of course, the possibilities of hydrogen 
as a nuclear fuel must be considered, for when the 
methods of producing a controllable reaction have 
been developed, the ultimate substitute for coal will 
have been found. 

Some conception of the enormous amount of 
energy available can be gathered from the statement 
that 1 lb. of hydrogen if transformed into helium 
would produce 100 million kilowatt hours of heat 
energy; and calculations show that there is enough 
hydrogen in the sea to provide energy for 1,000 
million million years! 

However, this is a remote possibility in the light 
of existing knowledge and the more immediate and 
urgent problem is that of the military aspects of 
atomic energy. This rests with mankind in general 
and not with the scientists alone. 








126 Electronic Engineering 


A New Mobile Recording Van 


for Radio-Luxembourg 


A recent noteworthy éxport is a new type of Broadcast 
Recording Van which has been supplied by E.M.I., Ltd., 
to the order of Radio Luxembourg. 

The main items of equipment comprise two E.M.I. 
magnetic tape recorders and a disk recorder and replay 
desk for operation at either 78 or 33} r.p.m. 

The main control panel comprises a five channel micro- 
phone pre-amolifier with individual fading, a programme 
meter and telephone or loudspeaker monitoring facilities. 
This control console is designed to give the operator 
complete flexibility of control and interconnexion of the 
_various items of equipment; full dubbing, mixing and 
cross recording facilities are available, enabling any type 
of studio work to be carried out. In addition, the com- 
plete console can be lifted out and carried to the 
recording site when the distances involved make it un- 
desirable to run long microphone cables. 

Two high quality loudspeaker units are provided for 
remote replay purposes on the recording site. Communi- 
cation between the van and the recording site is by a 
“* talk-back ”’ system. A.c, power supplies for operational, 
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[Photos supplied by courtesy of E.M.I. Ltd. 


heating and lighting requirements are taken on site but 
stand-by lighting may be operated from the van’s 
electrical system. ; 

The chassis is a 5 ton long wheel base Morris, the body- 
work of which was constructed by O. G. Lywood, Ltd. 

Details of the van may be seen in the accompanying 
photographs :— 

1. An exterior view of the Mobile Recording Van. 

2. A general view of the Recording Room. On the 
right is seen the Engineer’s control panel and behind, the 
two E.M.I. Tape Recorders, and two of the five micro- 
phones. On the left is the disk recorder and replay desk. 
The separate entrance to this room is forward of the 
disk recorder desk. 

3. An inside view of the control panel. 

4. A close-up of the Engineer’s control panel. The 
overall level control and meter is seen at the centre and 
the five separate microphone fading controls are at the 
left. The rear compartment of the van houses the cables, 
cable entries and drums. 





























April, 1950 


Electronic Engineering 127 


Microwave Lenses 


By J. BROWN, M.A., and S. S. D. JONES, M.A.* 
(Part |) 


This is the first of a series of articles on Microwave Lenses in which a survey of the various types will be presented. 

Particular attention will be paid to the theory of operation of the artificial dielectrics which have been developed for 

such lenses. Design equations for lens contours will be given and the various aberrations to which lenses are subject 
will be considered. 


Permission to publish this series of articles has been granted by the Chief Scientist, Ministry of 
Supply, and the Controller of the Stationery Office. 


Analogies with Optics 


W ts the development of centimetric waves, it 
has become possible to apply the techniques 
of optics to the field of radio. The first practical 
application of such techniques has been the wide- 
spread use, particularly in radar systems, of 
reflectors such as paraboloids and parabolic cylinders 
(cheeses) to produce narrow beams. In fact, how- 
ever, the possibility of focusing radio waves by 
means of lenses has been realised since 1889, when 
Sir Oliver Lodge’ demonstrated the beaming effect 
of a lens constructed of pitch on the radiation from 
a spark-gap oscillator. No serious attempt to use 
lenses as practical aerial systems was, however, 
possible until convenient sources of power at centi- 
metric wavelengths became available about 1940. 
The first such attempt was that of Rust,” who in 
1942 made use of a lens to correct the wave fronts 
emerging from an electromagnetic horn. Since then 
a variety of types of lens has been developed both 
in this country and in the United States. Several 
of these types of lens are now widely used in the 
United States, particularly as the aerial systems of 
repeater stations in centimetric radio links. 
Although the analogy with optics has been of the 
greatest value in developing microwave lenses, there 
are important differences which must never be over- 
looked. Firstly, even the smallest optical lens has 
an aperture whose dimensions are approximately one 
million times the wavelength of light, whereas the 
largest radio lens so far constructed has an aperture 
of about five hundred times the wavelength at which 
it is used. It follows that the effects of diffraction 
will be of the greatest importance in determining 
the behaviour of radio lenses, whereas such effects 
may usually be neglected as far as optical lenses 
are concerned. On the other hand, microwave lenses 
are at present, at any rate, only being used for the 
production of narrow beams—this is equivalent to 
saying that either the object or the image is at 
infinity. The significance of this is that the question 
of obtaining depth of focus, a severe limitation in 
the design of optical lenses does not arise. In optics 
this limitation is upon the numerical aperture or F 
number, i.e., the ratio of the focal length of the 
lens to the diameter of its aperture, and it is seldom 
that the F number of an optical lens is less than 2. 
Microwave lenses of F equals 1 are, however, quite 
common and indeed the F number of such lenses has 
never to the knowledge of the authors exceeded 1.5. 





* Radar Research and Development Establishment, Ministry of Supply. 


The most important parameter in optical lens 
design is the refractive index of the material from 
which the lens is constructed. The usual definition* 
of this quantity is in terms of the angles of refrac- 
tion (r) and incidence (i) when a beam is refracted 
at the interface between free space and the lens 
material (Fig. 1). 





FREE SPACE DIELECTRIC 
i Direction of 
mtr refracted ray 
Fig. |. Refraction at 
a Dielectric Surface " F 
irection of 
incident ray 
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The refractive index (n) of the lens material is 
given by Snell’s Law which states that 
aaa 13) YB a1 1 JC en Re RE ee Ra (1) 


A more general definition’ of refractive index may 
be given in terms of the phase velocities in free space 
and in the lens material ve and v respectively. It is 

ia OR PPOL ei dicane Boi ese tne test eee (2) 


This definition is the more useful for radio work as 
the phase velocity of all the lens materials to be 
considered may be readily calculated. 
Classification of Lenses 

There are two convenient methods of classifying 
lenses, one being according to the function which 
they are designed to perform and the second being 
according to the nature of the lens material. The 
first classification of lenses depends on their geo- 
metrical properties, and for the purpose of this series 
of articles is not so fundamental as the second. Most 
of the lenses so far constructed have been designed 
to produce a pencil beam from either a point source 
such as a dipole or a line source such as a slotted 
waveguide. The simplest design equations for these 
cases will be given later. More complicated cases 
will be dealt with in a later article. 


There are six convenient groups under which the 
refracting media used in the construction of radio 
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lenses may be classified. These are :— 


. Solid dielectrics. 
2. Metallic delay dielectrics. 
3. Metal plate dielectrics. 
4. Rodded dielectrics. 

5. Path length dielectrics. 
6. Miscellaneous dielectrics 


A brief description of each of these types will be 
given below and fuller details will follow in later 
articles. 

Examples of some of these types of lenses are illus- 
trated on this page. 


Solid dielectric lenses are exactly analogous to 
optical lenses, the dielectric of the radio lens 
behaving in the same way as the glass of an optical 
lens. It may be shown from Maxwell’s equations 
that for iidectsies the refractive index is related 
to the dielectric constant (K) by the equation 


WM ete ed eh ao Sh ele (3) 


Suitable materials for use in making dielectric lenses 
are listed in Table 1 together with their dielectric 
constants, specific gravities and loss factors. The 
loss factors give a simple indication of the amount 
of energy absorbed in the passage of the radiation 
through the lens. It may be seen from the magni- 
tudes of these loss factors that this source of loss 
is negligible. 

The principal advantage of dielectric lenses is their 
simplicity. They may be readily made by machining 
a solid block of dielectric to the required profile. 
The chief disadvantage of such lenses is the weight 
and the consequent difficulty of supporting the 
structure. The principal use of such lenses is in the 
correction of sectoral horns, where only a small 
depth of the dielectric is required. 


5 = 


The properties of a normal dielectric arise from 
the polarisation of the molecules in the presence of 
an electrical field. Metallic delay dielectrics‘ are 
basically large-scale models of a dielectric structure, 
the molecules being simulated by metallic elements 
arranged in a lattice structure. The dimensions of 
the metallic elements are less than the wavelength 
at which the structure is to be used. This type of 
dielectric was developed by Kock and is known as 
a delay dielectric because it has a refractive index 
greater than unity. It has also been referred to as 
an artificial dielectric, but this term applies equally 
0 to any of the groups listed above except the 

rst. 


TABLE | 
DIELECTRICS SUITABLE FOR LENS CONSTRUCTION* 











Refrac- Specific | Loss 

Dielectric tive | Gravity | Factor 

| Index | an 6 

Ethyl Cellulose sk ¥e 1.4 | 1.10-1.20 | 0.0135 

Polyethlyene (e.g., Alkathene) 1.5 |; 0.95 0.0003 

Polystyrene (e.g., Distrene) oso fl 1.6 1.05-1.07 0.0002 

Polyisobutylene __.... ate —T 1.6 0.95 | 0.0005 
Methy! Methacrylate (e.g., Perspex) | 1.7 | 1.18 0.02 

ica Te Y ee LE: Ae eee 











* The data contained in this table is obtained from ‘‘ Plastics in the Radio 
Industry '’ by Couzens and Wearmouth. (‘‘ Electronic Engineering '’ Monograph) 
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Some _ examples 
of microwave 
lenses 


Variable _ re- 
index type 


(Top) 
fractive 


(Above) Delay lens 


(Left) Metal plate 
lens 


(Below) Rodded 


prism 








Metal plate lenses’ depend for their operation on 
the fact that the phase velocity of a wave travelling 
between parallel plates is higher than in free space, 
provided that the electric vector is parallel to the 


plates. The mode of propagation between the plates 
is similar to that in a waveguide, and for this reason 
these lenses are often referred to as waveguide 
lenses. Since the phase velocity is higher than in 
free space it follows that the refractive index is less 
than unity (c.f. Equation (2)). Such a_ possibility 
does not arise in optics and is another of the ways in 
which radio and optical lenses differ. 


Rodded dielectrics are similar to delay lenses in 
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that they consist of a lattice structure, the elements 
of the lattice being metal rods. The structure is 
such, however, as to produce a refractive index less 
than unity, and it is dispersive, i.e., the refractive 
index varies with frequency. This is a disadvan- 
tage compared with the delay lens whose refractive 
index is constant over a band of frequencies, but, on 
the other hand, rodded dielectrics do not require the 
presence of a supporting medium which, as will be 
seen later, is an undesirable feature of the delay 
dielectrics. 

Path length lenses’ employ a somewhat different 
principle to the types already described. It will be 
shown below that the function of a lens is to alter 
the phase fronts of radiated beams. In all the above 
types this alteration of phase front is achieved by 
making use of media in which the phase velocity is 
either greater or less than it is in free space. Path 
length lenses, however, change the phase fronts by 
causing different portions of the wave to travel 
different distances, the velocity of propagation within 
the lens remaining constant at the free space value. 

The miscellaneous types of lens in the last group 
have one feature in common, viz., that the refrac- 
tive index within the lens varies from point to point. 
That such a variation of refractive index will be 
advantageous in lens design has long been known 
to workers in optics, and has been used by workers 
in electron optics. No really practical method of 
achieving the variation in optics has yet been 
developed. Because of the much larger wavelength 
involved in the case of radio lenses, various methods 
of obtaining media with non-homogeneous refractive 
indices are possible. These methods are being 
developed and already some interesting results have 
been achieved. 


The Case for Lenses 

In all the aperture aerial systems used at micro- 
wave frequencies—stacks of slotted wave guides, 
dipoles feeding paraboloid mirrors, electro-magnetic 
horns, etc.—the gain of the system is determined by 


(i) the area of the aperture, 
(ii) the energy distribution over the aperture, 
(iii) the phase front emerging from the aperture. 


The greatest practicable gain and narrowest beam 
for a given apefture is achieved when the energy 
distribution is uniform and the phase front plane. 
(It has been shown by Woodward and Lawson’ that 
super gain aerials, i.e., aerials with a gain of more 
than that of a constant phase and amplitude distri- 
bution, are a aearssiat possibility but not likely 
to be realisable in practice. Such systems will not 
therefore be considered.) Gain is, however, not the 
sole criterion and it may be desirable to adjust the 
energy distribution over the aperture to reduce side- 
lobe intensity. Even so, the phase front should be 
as nearly plane as possible if the aperture size is 
to be exploited to the full. 

The purpose of the microwave lenses described in 
this and the subsequent articles is to produce radiat- 
ing apertures in which the phase fronts of the 
emerging rays are plane and thus to achieve a per- 
formance limited only by the size of the system. It 
is well known that the maximum gain which can 
be achieved with an aperture of area A square wave- 
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lengths is 47A. Practical systems with a reasonable 
degree of side-lobe suppression have a gain of just 
over half this value. 


In the case of large aperture systems, the para- 
boloid mirror is the chief competitor of the lens as 
a focusing device. It has the great advantage over 
the lens of simplicity. However, the inherent dis- 
advantage of the mirror is that the primary feed 
which may be a slot radiator, open-ended wave- 
guide or dipole is in the path of the emergent 
radiation. This introduces two difficulties: firstly, 
obscuration by the feed distorts the wavefront of 
the radiation emerging from the aperture, with con- 
sequent increase in side-lobe levels: secondly, the 
emergent radiation intercepted by the primary 
radiator sets up a standing wave in the feeder, with 
consequent difficulties in matching to the oscillator. 

If a lens is used as in Fig. 2 the first of these 
difficulties is solved immediately. The second is 
mitigated to a large extent, but is still present. Most 
practical lenses have a reflexion coefficient of about 







_—— — P—-— -- - 
PRIMARY a 
FEED : ~~ RADIATED 
oi BEAM 


> 


Fig. 2. Method 
of using a micro- 
wave lens 


LENS “S- —— » — — —- 


5 per cent which causes some energy to be thrown 
back into the feed. The avoidance of beam distor- 
tion by the primary feed is of particular importance 
in scanning systems, in which the supporting struc- 
ture is frequently quite massive. 


Lens Profiles 


A great variety of lens profiles is possible and a 
discussion of the more useful will be given in a later 
article. One, however, is by far the most common 
and it will be considered here. It is the case of a 
lens designed to produce a narrow beam and which 
has the face remote from the feed (hereafter referred 
to as the front face) plane. The equation of the rear 
face will be derived for a lens made from a solid 
dielectric and the modifications required for the 
— other types of dielectric will be discussed 
ater. 


Consider, then, a spherical lens of focal length f 
constructed from a solid homogeneous dielectric of 
refractive index n and fed by a point source F. A 
cross-section of this lens through the axis is shown 
in Fig. 3. 

The lens contour is most simply derived if the 
polar co-ordinates r, 9 (9 is the angle OFA in Fig. 38). 
Let 2a be the aperture of the lens, and d be its 
maximum thickness. 

As the front surface CBD of the lens is plane the 
beam must be formed entirely by refraction at the 
rear surface CAOD. Every ray path through the 
lens such as AB must therefore be parallel to the 
lens axis OG. In order to obtain constant phase 
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over the surface CBD the time taken by a wave to 
travel from F to this surface must be the same for 
all paths. The algebraic expression of this condi- 


tion is 
FA/wvo + AB/v = FO/v + OG/v........ (4) 


where vo is the phase velocity in free space and v 
is the phase velocity within the lens. 

From Equation (2), n = vo/v. 

When this is substituted in Equation (4) and the 
various lengths expressed in terms of r, 9, f, d, there 
results r+ n (d+ f-—r cos 9)=f + nd 
which simplifies to 


5 agi’ eed (5) 


n cos 9 — I} 


For a dielectric lens, n always exceeds unity and 
Equation (5) is therefore the polar equation of a 
hyperbola with focus at F and eccentricity n. 

The refractive indices n of the dielectrics listed in 
Table I are practically independent of the frequencies 
at which the lens will be used, and it follows from 
Equation (5) that the lens contour will be correct for 
all these frequencies. In optical terminology it may be 
said that dielectric lenses are achromatic: the radio 
engineer would prefer to say that such lenses have 
wide-band properties. It will be seen later that the 
band-width of a dielectric lens is limited by other 
considerations. 

Equation (5) does not involve either the semi- 
aperture a, or the maximum thickness d of the lens. 
It may, however, be readily shown that, since 
FC = FO + nOG, the quantities a and d are related 
by the equation 

(n® — 1) d’ + 2(n — 1)fd — a =0 
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Fig. 4. Maximum 
thickness of a lens 
as a function of 
focal length. (Lens 
aperture 6ft. re- 
fractive index 1°5) 
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Substitution of numerical values in this equation 
shows that for constant a and n, the maximum thick- 
ness d increases rapidly as f is decreased: this is 
illustrated in Fig. 4 where d is plotted against f for 
a 6 ft. aperture and a refractive index of 1.5. The 
weight of the lens will therefore also increase rapidly 
as the focal length is reduced and so there will be a 
lower limit to the focal length which may be used. 
This limitation may be avoided at the expense of 
reduced band-width by a_ process known as 
** stepping.’’ The principle of this stepping process 
is that the phase front of the front surface of the 
lens may contain any number of discontinuities of 
360° without appreciably altering the radiation 
pattern. 


A stepped lens consists of a number of zones as 
shown in Fig. 5, the phase of the waves leaving the 
zones being successfully increased by steps of 360°. 
The equation of the curve OG: is, of course, given by 
Equation (5) and the equations for the other zones 
may be readily derived. For the j‘ zone, i.e., the 
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section of the lens Pi Gi Gi, the optical path is less 
than that for the first zone (OGG:) by (j — 1)\ where 
\ is the free space wavelength, and so it may be shown 
that the equation of the curve P;- G; is 


. 1% - i - Go 


Tj 
neosé — ] 


This is the equation of a hyperbola with the same 
focus F, and the same eccentricity n as the hyper- 
bola for the first zone. 


The outer radius OP; of the j‘" zone is given by 


OP; = FP;’ — FO’ 
EE I sa dic issanvosetasadrdiurdee (8) 
since FP; =f + jd 
Simplifying Equation (8) gives 
Ps me VIO © DY. oon docisecdsccuics (9) 


The thickness of each of the zones of the stepped 
lens may be calculated from the equations of the 
contours. The algebra involved is straightforward 
but tedious. If the focal length is much larger than 


the wavelength as will usually be the case, the thick- 
ness of the zones is approximately 4/(n—1). 

The student of optics will recognise the similarity 
between stepped lenses and Fresnel zone plates. From 
Equation (8) it may be seen that each step of the lens 
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contains two Fresnel zones. A stepped lens may, in 
fact, be regarded as a phase-corrected zone plate. 


The equations of the contours for all the zones 
except the first involve the free space wavelength 
and so the design of a stepped lens is only correct for 
one particular frequency. In practice, however, the 
lens may be used over a band-width of a few per cent 
and this limitation on the band-width is an accept- 
able price to pay for the considerable reduction in the 
weight of a large aperture lens. A further disadvan- 
take of stepping the lens is the so-called shadow 
effect: it will be seen from Fig. 5 that the energy 
radiated by the primary feeds and incident on each 
of the sections P; G; of the lens will not be phase 
corrected by the lens and so will produce side-lobes 
far removed from the main beam. The level of these 
side-lobes, however, is not usually sufficiently high 
to cause any serious trouble. This shadow effect may 
be avoided by stepping the lens on the plane surface 
as in Fig. 6, where each step is set back \/n — 1 from 
the previous one, but the lens then assumes a most 
inconvenient shape and one which is mechanically 
weak. 


For most purposes it is more convenient to have the 
equations of the lens contours in Cartesian co- 
ordinates. If the system of axes with origin O shown 
in Figs. 3 and 5 is used then the Cartesian equations 
are for the unstepped lens. 


a —(n’—1)2°—2fz(n—1) = 0 
and for the j zone of the stepped lens 
ve’ — (n*—1)z°—2fz(n—1) + 2(j—1)ndz 
2G =— DAG = 0eiewiesd ees (11) 
These equations give the contours of any cross sec- 
tion of the lens through the axis—the complete 
spherical lens is the solid of revolution obtained by 
rotating Figs. 3 and 5 about their z-axes. The shape 
of a cylindrical lens may also be obtained from these 
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equations—it is the cylinder obtained by moving the 
shapes of Figs. 3 and 5 parallel to the y-axis, i.e., 
the axis at right angles to the plane of the diagram. 
The above derivation of lens profiles is not entirely 
rigorous, since it has been assumed that the ray 
paths through the lens will be parallel to the axis. 
This may be proved by an application of Fermat’s 
least path principle. An alternative method of deriv- 
ing the lens contours is to apply Snell’s law at each 
point of the lens surface—this results in a differen- 
tial equation for the surface, the mathematics in- 
volved being rather more complex than in the above 
derivation. 














(To be continued) 
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“Cintel”’ 20-Inch Television 
Receivers 


WO monitor receivers, manufactured by Cinema-Television, Ltd., 
have recently been delivered to the B.B.C. 


Ordered to help their 





drive for better quality television, these receivers will provide B.B.C. 
monitoring engineers with as faithful a reproduction as it is reason- 
ably possible to obtain from the received signals. The engineers 
will know that any defect in the picture should be the signal trans- 
mitted and not in the receiver. 

The exacting specifications necessitated the production of a 20-in. 
cathode ray tube (the largest glass tube being made in this country) 
giving the biggest direct viewing picture, namely, 16 in. by 12 in. 
The equipment employs about three times the number of valves, for 
the same function as are used in a normal home television receiver. 
It is designed to reproduce a television picture and the associated 
sound programme from a combined “ picture plus synch.” signal 
and an audio signal supplied to it by cable. Each apparatus is 
otherwise self-contained, being operated from A.c. mains. 

Provision is made for accepting signals in the ranges 1.0 volt overall 
(picture plus synch.) +6 db. and 10 volts overall (picture plus synch.) 
+6 db., and for terminating the signal line or leaving it unter- 
minated, as desired. 

The signal amplifier has a level frequency response up to 3 Mc/s. 
and is phase-corrected. The scan generator is designed to give 
deflexions which, in addition to all normal errors, are corrected for 
those introduced by the geometry of the tube; as well as assuring 
perfect interlacing, even in the presence of interference in the applied 
signal. Controls are few and comparatively simple to operate. 
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Permanent Magnet Lenses 
for 
Television Tubes 


By 


D. HADFIELD, B.Sc., A.M.1.E.E., A.1.M.* 


fone focusing of cathode-ray tubes for television 
equipment is receiving increasing attention due 
to the phenomenal rate of progress in the develop- 
ment of commercial television receivers during the 
iast few years. Designers are quickly realising the 
economic advantage of using permanent magnets in 
electron lenses for focusing the cathode-ray beam 
to ensure low-priced a.c./D.c. receivers, where H.T. 
voltage can ill be spared to supply electromagnetic 
focusing arrangements. 

From the practical point of view the permanent 
magnet lens is very stable in itself, but the focusing 
of the cathode-ray tube is dependent upon other 
factors, such as the H.T. supply, which will, unless 
stabilised, vary with a fluctuating mains voltage. 
Ideally, the focus should be under control by the 
viewer in order to correct for such variations. In 
the case of permanent magnets this is not so easy 
unless the field strength, and therefore the focal 
length, can be adjusted manually by means of a 
control knob, as in the pure'y electromagnetic system. 
This disadvantage has been overcome in some designs 
by combining the two systems and using an electro- 
permanent magnet lens, which probably constitutes 
the ideal focusing arrangement. 

From the economic aspect there is little to choose 
between the cost of a permanent magnet focusing 
unit, and an electro-magnet focusing assembly, 
including the control system. Permanent magnet 
lenses are coming into favour chiefly because of the 
present trend in receiver design, which is towards 
cheaper and hence transformer-less television sets. 


Requirements of Electron Lenses 


The physical principle involved in the focusing of 
a cathode-ray beam is to cause divergent electrons 
to converge during their journey from the cathode 
to the screen where their presence should result in 
a fluorescent spot of the smallest possible diameter. 
This desired effect may be realised in several wav 

If the tube is “‘ soft ’”’ and contains a small amount 
of inert gas, then focusing is automatically produced 
by ionisation of the gas particles by the electron 
stream, providing the anode voltage is not too high 
and thus the velocity of the stream is maintained 
reasonably low. However, this early type of tube 
is not used today in commercial tclevision receivers. 

Another method of focusing is electrostatic, but 
applies only to “‘ hard” tubes. This is effected by 
applying certain voltages to auxiliary anodes 
mounted coaxially inside the tube. Again, electro- 





* Formerly with William Jessop & Sons, Lid.. now Chief of Research and 
Development, Swift, Levick & Sons, Ltd., Sheffield. 


static focusing in cathode-ray tubes is not generally 
found in modern television receivers. 

The third type of focusing is produced by the action 
of a magnetic field on the electron stream. ‘‘ Mag- 
netic focusing’’ is almost universally used for 
cathode-ray tubes in commercial television receivers. 
The focusing effect is produced as follows: Fig. 1 
shows diagrammatically a stream of electrified par- 
ticles (electrons) carrying a charge e and moving 
with a velocity v along the axis of a cathode-ray tube. 
As the stream is virtually continuous, a current flows 
along it in the direction opposite to its motion. It 
can be shown that the force exerted on each particle 
as it trave's through the magnetic field H is equal 
to Hev sin @, where @ is the angle between the 
direction of the field and that of the cathode current. 
This force acts perpendicularly to the plane contain- 
ing the path of the particle and the direction of the 
field. Such a force is brought to bear on any par- 
ticle which, after leaving the cathode, follows a 
divergent path away from the axis of the tube, and 
is produced in such a direction as to cause any such 
particle to be bent back towards the axis. Apart 
from the influence of this force on the particle while 
it is travelling through the effective region of the 
magnetic field, there is also the accelerating force 
due to the high anode potential above the cathode, 
which acts in a mutually perpendicular direction, 
that is, along the axis of the tube, thus causing the 
particle to travel in a helical path of ever-decreasing 
radius, so that such particles will all converge at 
some point on the axis of the tube at a certain 
distance from the region of the magnetic field. 

Suppose, for simplicity, that the particle is pro- 
jected at right angles to the magnetic field (the force 
in this case is equal to Hev). Since the force is always 
at right angles to the path of the particle the speed 
will remain unaltered. Let r be the radius of curva- 
ture of the path of the particle under the action of 
the field, and m its mass. The centrifugal force is 
equal to mv'/r and for equilibrium this must be 
balanced by the force due to the field. Hence: 


mv |r = Hev, 
‘.r=mv/eH. 
As v is constant, the radius of curvature is constant, 


and the particle describes a circle of radius mv/eH 
in a plane at right angles to the magnetic field. 


If the velocity of the particle has a component 
parallel to the magnetic field this component will 
remain unaltered since there is no force acting on 
the particle along this direction, and the particle 
thus moves forward through equal distances in equal 
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times along this line, while at the same time 
describing a curved path around it. Its path is thus 
a helix, the axis of which is parallel to the field. 
If @ is the angle between the direction of projection 
of the particle and the field, then: 


mv'/r = Hev sin®...... (Laplace) 
. . ae 
eH sin @ 


Since v and @ are constant, r is constant and the 
path of the particle is a helix wound on a circular 
cylinder, with its axis parallel to the magnetic field, 
and of radius r sin’ @ = mv sin@/eH. When ®@ = 
7/2, then the helix contracts into a circle of radius 
r = mv/eH. 

When 6 = 0, then the particle is projected parallel 
to the field, and continues in a straight line, i.e., 
r=0. 

If the field is non-uniform, the particles describe 
helices of varying amplitudes about the lines of force 
of the magnetic field. 

The flux distribution over the effective volume of 
the magnetic field is very important in order to 
obtain optimum focusing devoid of astigmatism. 
The standardised cathode-ray tube frame size for 
commercial television in this country is 405 lines 
making up the whole picture, and with a 9 in. 
diameter tube, having a picture size of about 7} in. 
by 6 in., this means that they are 69 lines per inch. 
Thus a spot diameter of about .01 in. is required, 
allowing for non-overlapping or touching of the lines 
in the complete raster. As regards the position of 
a focusing magnet, it must be such that the magnetic 
field does not interfere with the deflexion system or 
the electron gun. The field transverse to the axis 
should be a function only of the distance from the 
axis, that is, the lines of constant field strength 
should be circles concentric with the circumference 
of the tube neck, otherwise astigmatism will result. 
If the transverse field is slightly displaced from its 
symmetrical position there will be a permanent 
deflexion of the spot from the centre of the screen. 
This is known as excessive shift. It is also advisable 
for optimum performance that the field should be 
constant over a small area (about 1 cm. in diameter), 
in the centre of the magnet, occupied by the electron 
stream. 


F 





The axial distribution of the magnetic flux is also 
a factor which must be considered. For optimum 
focusing the magnetic field distribution along the 
axis of the tube, with which the magnet should be 
coaxial, is given by the formula :— 


Hz = Ho/ (1+ (z/a)’) 


where z is the distance from the centre measured 
along the axis, 


Hz is the field strength at distance z, 
Hp is the field strength at z = 0, 


a is the distance along the axis at which the 
field strength is Ho/2. 
Fig. 2 shows the ideal distribution plotted from the 
above equation. 
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Fig. 2. Ideal distribution of axial flux 


The order of field strength at the magnetic centre 
of the magnet, which should lie on the axis of the 
tube, is, of course, dependent on the value of the 
anode voltage. High voltage tubes require stronger 
magnetic focusing fields, but generally the field 
strength lies between 200/400 oersted. It is neces- 
sary during production and installation of a television 
receiver to je able to adjust the focusing slightly, 
and in order to do this it must be possible to vary 
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the magnetic field by a small amount about a certain 
value. This is easily done in permanent magnet 
focusing by changing the reluctance of the magnetic 
circuit by some form of variable magnetic shunt. It 
is also essential that the magnetic field be absolutely 
constant in service and this is ensured in the first 
instance by fully saturating the magnet during 
magnetisation and then stabilising by the applica- 
tion of a small alternating current field, which may 
reduce the field strength of the magnet by a few 
per cent, or, alternatively, by allowing a certain 
period of time for natural ageing to occur after carry- 
ing out a few cycles of magnetic shunting. 


Development of Focusing Magnets 


Early forms of permanent magnets for focusing 
were simple cast rings of magnet alloy, usually 
Alnico, ground on the end faces only, and having 
soft iron annular end plates whose internal diameter 
was somewhat less than the internal diameter of the 
magnet ring as shown in Fig. 8. In effect, the 
internal peripheries of the iron pole pieces formed 
two circular poles so that the flux path was of the 
form shown in Fig. 4. 

Another type was in the form of a ‘‘ doughnut,”’ 
again in Alnico, having inwardly-directed poles of the 
same material, and made in the form of a single 
casting. In order to render the fiux distribution 
more uniform, soft iron ‘‘liners’’ were fitted inside the 
two circular poles in intimate contact and coaxial 
with the cathode-ray tube, as shown in Fig. 5. 

A somewhat unusual experimental design was as 
shown in Fig. 6. It is a simple cast annular disc 
of Alnico alloy magnetised radially, that is, with one 
pole forming the inner periphery and the other pole 
forming the outer periphery. The form of the flux 
path in this magnet is shown in Fig. 7. 

The axial distribution of field strength and the 
equi-field strength contours for the magnet in Fig. 5 
and axial distribution only for the magnet in Fig. 6 
are shown in Figs. 8, 9 and 10. It is interesting to 
note that in the case of the type shown in Fig. 6 
there is a neutral point in the geometric centre of 
the magnet and the peak value of field strength 
occurs at two points £1.25 cm. on either side of the 
geometric centre of the air gap. In other words, 
this particular magnet acts as a double electron lens. 
The other types have the same field strength distri- 
bution as shown in Fig. 8, which corresponds to the 
ideal curve shown in Fig. 2. The approximation of 
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New types of focusing rings: 


Fig. 3 (/eft). Ring type assembly 


Fig. 5 (centre). ‘* Doughnut ”’ 
type 


Fig. 6 (right). Plain disk type 
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the equi - field eh) cela a oe 
strength con- 
tours to concen- 
tric circles is 
clearly seen in 
Fig. 9. 

For the pur- 
poses of investi- 
gating the field 
ch ar acteristics, 
a circular search 
coil of small 
dimensions was 
used in conjunc- 
tion with a brass 
jig as shown 
in aa OE. 
By this means 
the search coil 
could be located 
accurately at 
various points in 
the region of the 
central air gap 
of the magnet. 
By rotating the 
upper part of 
the jig, which 
carries the mag- 
net, in the 
groove in the 
graduated base into different positions, the variation 
in field strength around the circumference of a circle 
concentric with the magnet periphery can be deter- 
mined. Also, by altering the position of the circular 
search coil on the vertical brass carrier rod, the field 
strength distribution along the axis of the magnet 
can be explored. 

To prove the electron optical qualities of the 
magnet it is necessary to observe the results on the 
cathode-ray tube for which the magnet is designed. 
Firstly, the magnet is used. with a stationary 
beam to obtain the best possible focusing of 
the spot. The size of the spot can then be deter- 
mined by having a complete scan of 405 lines on the 
tube and closing the raster until the lines are just 
touching. By measuring the overall width of the 
raster and dividing by 405, the spot diameter can 
he obtained. Astigmatism can be detected by rotating 
the magnet coaxially with the tube, when its presence 
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Fig. 4. Flux paths of magnet shown 
in Fig. 
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will be indicated by the spot becoming oval in shape 
instead of circular. Excessive shift can be detected 
by similar means, when the spot will move in a 
circular path indicating that the beam does not lie 
along the tube axis. 

The early designs of focusing systems suffered 
from the disadvantage that the field strength was 
fixed and could only be altered in steps in the down- 
ward direction by ageing the magnet in an alternat- 
ing field. The focus of the spot could be adjusted 
by moving the magnet along the axis of the tube, 
but this is not good practice as in a well-designed 
compact receiver there is very little space for such 
adjustments to be made. Post-war designs have 
recently been provided with a magnetic shunt t» 
vary the field strength about a certain value by 
slightly changing the reluctance of the magnetic 
circuit. 

Modern types comprise a plain ring of magnetic 
alloy with stamped pole pieces of soft iron or mild 
steel abutting the ground faces of the ring, but 
having an additional movable portion in order to 
alter the length of the air gap or shunt the leakage 
flux. A close-fitting iron sheet sleeve moves within one 
of the pole pieces and is constrained by a spiral slot 
and pin giving an overall change in internal gap 
length of about } in. (Fig. 12). Another type, having 
a constant gap, has an external form of shunt. ‘The 
shunting effect is a maximum, and therefore the field 
strength is at. its lowest value in one extreme setting, 
while the reluctance is at a maximum and therefore 
the highest field strength is obtained in the other 
extreme setting. By these means a variation can 
be obtained in field strength which means that 
focusing can be achieved without moving the magnet 
along the tube. 

Other means of producing field variation, and 
control, have been contemplated and examined. One 
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system is the electro-permanent magnet which has 
been successfully pond a to commercial receivers, 
particularly in the U.S.A. and to a limited extent 
in Great Britain. In it a small magnetising coil is 
placed inside the magnet to boost or reduce by a 
small amount the main field due to the permanent 
magnet. It is not ideal to use the auxiliary coil to 
reduce the field, as this causes the working point 
of the magnet to move down the demagnetisation 
curve, and thus tends to induce permanent de- 
magnetisation, unless it is operating about a point 
on a recoil loop or subsidiary hysteresis loop. Pre- 
ferably, the direction of the field due to the coil 
— be such as to reinforce the permanent magnet 
ield. 

An experimental coil consisted of 50 turns of 32 
gauge wire, and when a current of 1 amp. was passed 
through it a change of 5 per cent was obtained in 
the field strength at the centre of the gap. It is also 
possible to calculate the effect of the superimposed 
field on the gap field strength. The m.m.F. produced 
by the coil can be obtained from the formula :— 


M.M.F. = 0.47 NI, 


where N is the number of turns and J the current 
(amp.). If the magnet is working at a point such 
that the working value of H is Hw, the M.m.F. due to 
the magnet is HwL, where L is the mean length of 
magnet material. 

Thus the total m.m.F. = HwL £0.47 NI, in accor- 
dance with the direction of the current. The new 


field strength 
He = Ho (Zee Mt) 


HwL 
0.47 NI He 
oe ee 
thus the change in field strength is 
0.47 N 
(Hz Ho) = — x Ho 


Attempts to vary the field strength by using toothed 
pole pieces inside the magnet and varying the gap 


Fig. 8. Axial distribution of field strength of magnet shown in Fig, 5 
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by rotating one pole piece with respect to the other 
have met with little success. 


Permanent Magnet Design and Materials 


Permanent magnet design, at best, is a combina- 
tion of the application of fundamental principles 
associated with experience of leakage factors, and 
a detailed knowledge of permanent magnet materials 
is essential. It is usually difficult to derive formulae 
which can be generally applied. Certain assumptions 
are involved in fixing volume and length, and hence 
the cross-sectional area of a permanent magnet 
component part. 

The main difficulty lies in the estimation of the 
magnetic leakage flux, as distinct from the useful 
flux which the magnet is required to give. In the 
case of a magnetic lens this may be as high as 95 per 
cent. This leakage flux is estimated within reason- 
able limits from existing experimentally determined 
data. The basic principles involved are that the 
cross-sectional area of the magnet must be sufficient 
to supply the desired flux in the air gap, and that 
the length of the magnet must be sufficiently great 
for the magnetomotive force to be high enough to 
overcome the reluctance of the complete magnetic 
circuit. 

A decision must first be taken as to the material 
in which the magnet is to be made, the governing 
factors being the type of magnet and the manner in 
which it has to be used. In the case of focusing 
magnets, there are certain restrictions ‘due to the 
diameter of the cathode-ray tube neck over which 
the complete unit must pass, and thus, as the useful 
field is required over the very small central volume 
only, such a magnet is rather large and has a long 
working air-gap. The most suitable permanent 
magnet materials to use in this instance are the 
nickel-aluminium-cobalt-copper-iron types such as the 
isotropic Alnico or the anisotropic Alcomax alloys. 
Owing to the brittle nature of the newer alloys, it 
is necessary to ensure that there are no sharp changes 
of section in the magnet, and that the thickness at 
all points is adequate. The most usual shapes of 
alloy castings are simple rings, and recent develop- 
ments in foundry technique have made possible the 
production of thin-walled rings in Alcomax, about 
% in. thick, and 2 in. diameter, which are specially 
suitable for focusing rings. 

Having selected a magnet material, the next step 
is to fix the working point, i.e., the position on the 
demagnetisation curve at which the magnet shall 
operate. Considerations of using minimum magnet 
alloy require that the working point should coincide 
with the (BH) max. point (see Fig. 13), and, when 
possible, this is done. However, due to geometrical 
and space limitations, this is usually not possible 
when designing focusing magnets. The working 
angle ¥ is always rather large (about tan” 0.23=18°). 
Now, tan ¥ = (H~/ Bw), and tan ¥ = (area/ length), 
thus the length to cross-sectional area ratio (or 
dimension ratio, as it is called) is low. The working 
point is now fixed and the corresponding values of 
Bw and Hw are read off the demagnetisation curve. 

Certain formule may be deduced, from which 
the dimensions of the magnet may be obtained. 
The length of magnetic material required to 
drive the flux across the air gap is derived from 
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considerations of the magneto-motive force, which 
may be defined as the product of the length of the 
magnet and the value of the demagnetising force 
Hw at the selected working point. 
short air gap, the magneto-motive force required to 
drive the fiux across the air gap is the product of 
the field strength and the air gap length. Thus: 


LnHw = lL:Hek 
Hak 
Lm = He 


where Lm is mean length of magnetic material in cm. 
lz is the mean length of the air gap in cm. 
H;, is the gap field strength in oersted. 
Hw is the value of H at the working point in 
oersted. 


k is the reluctance factor for the circuit 
(usually about 1.2). 


Also, in a fixed ? 


~ rene 


oer oO = SM SH AO Me 


f-~) 


TD ore 











April, 1950 





Having thus determined the mean length of mag- 
netic material, the next step is to calculate the cross- 
sectional area. If there were no leakage, the. total 
gap flux would be equal to the total flux in the 
magnet, when the following relationship would hold: 


Hea = BwAm 
Hyag 
An = Be 
where Am is the cross-sectional area of the magnet in 
sq. cm. 


as is the mean cross-sectional area of the air 
gap in sq. cm. 
H;, is the gap field strength in oersted. 


Bw is the value, at the working point, of B in 
gauss. 

The effect of leakage is predominant, however, and 
the cross-sectional area of the magnet must be 
increased several times to compensate for it. In 
order to do so, the leakage coefficient K, i.e., the 
ratio of total flux (leakage-flux plus flux in the air- 
gap) to the useful flux (flux in the air-gap only) 
must be known. This factor is about 20 for focusing 
magnets, but a more accurate estimate can be 
obtained by comparison of the total permeance of 
the’ leakage paths and gap to the permeance of the 
air-gap. 

The formula for determining the cross-sectional 
area now becomes: 

, H.acK 
e Be 


The major difficulty in calculating the leakage is 
that the leakage paths are not of uniform section; 
thus it is necessary to introduce empirical relation- 
ships involving assumptions which give approxima- 
tions sufficiently close for most practical purposes. 

The total volume of magnet material Vm is given 
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Fig. U1 (left). Field strength exploration jig 


Fig. 12 (above), Focusing unit 


lk:H¢ asH 
by: Va = Lmdn =" kk. “SK 
HevsKk 
BwHw 


where vz is gap volume in cc. 


In many cases the higher energy anisotropic per- 
manent magnet materials cannot be employed to full 
advantage, and this can be better explained by 
reference to Fig. 18 which shows demagnetisation 
curves of high-coercivity isotropic British Alnico III 
and also the anisotropic Alcomax II and the latest 
Alcomax III and IV alloys developed by the Per- 
manent Magnet Association. On this diagram is also 
marked the permeance or working line correspond- 
ing to angle ¥ for a magnet in which both 
similar Alnico III and Alcomax II magnet 
alloy rings give approximately the same gap field 
strength. This is largely the result of the low work- 
ing point, but may be, in part, due to the saturation 
of the rather thin end plates. It will also be noted 
that substituting Alcomax III or IV would not 
improve the field strength by much more than about 
20 per cent. 


In order to achieve the high degree of uniformity 
required in the field strength distribution, it is 
important that the complete assembly is magnetised 
correctly to saturation and, further, that the per- 
manent magnet ring is uniform throughout. This 
condition of uniformity is fulfilled with dimensionally 
accurate isotropic magnets of the Alnico type, but 
with anisotropic alloys extreme care has to be taken 
in production heat treatment whereby the permanent 
magnet ring is air-cooled uniformly from a high 
temperature while under the influence of a uniform 
strong magnetic field. If the cooling rate differs 
from one part of the ring to another, or the field in 
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Fig..13. Demagnetisation curves for Alcomax andJAlnico alloys 


which the magnet is immersed during cooling is non- 
uniform, then the final magnetic properties of the 
ring will vary from point to point, which will produce 
both astigmatism and excessive shift. The focusing 
of an electron stream is a most sensitive final test 
as regards the uniformity of the magnetic properties 
in a magnet. 

In the case of magnets having slight non- 
uniformity, this can sometimes be compensated for 
by mounting the magnet on the tube either slightly 
eccentrically or non-coaxially or by providing a very 
weak corrector field by the addition of a thin strip 
of magnetised material placed in a suitable position. 


Magnetising 


To achieve both stability and a high degree of 
uniformity of field strength from any permanent 
magnet assembly it is necessary that the final mag- 
netisation should be carefully carried out. First of 
all, the magnetising jig should have a coil which will 
give the necessary magnetomotive force to saturate 


Fig. 14. Magnetising jig 
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completely the alloy of which the permanent magnet 
has been made. The magnetising forces for one or 
two materials are given in Table 1, and refer to,com- 
pletely closed magnetic circuits, which are possible 
during magnetisation. 











TABLE | 
\ Magnetising Force 
Permanent Magnet Alloy 
Oersted Ampere Turns 

i per cm. 
Alnico ue 2,000 1,600 
Alcomax Il ... 1,900 1,500 
Alcomax Ill ... 2,000 1,600 
Alcomax IV ... 2,400 1,900 














The most efficient type of magnetising jig for most 
focusing magnet assemblies is as shown in Fig. 14. 
This comprises a coil which will develop the necessary 
magnetising force, in accordance with Table 1 above, 
into which the magnet assembly is placed. The 
magnetic circuit consists of a soft iron yoke which 
may be divided into sections in order that annular 
pole pieces may abutt on to the end faces of the 
magnet assembly, and the magnetic circuit com- 
pleted by a ring of soft iron shrouding the coil. The 
mechanical arrangements of such a jig may be 
designed for quick action, where magnetisation is 
carried out on a television receiver production line. 
It is advisable to give the magnet several surges 
during magnetisation from the demagnetised con- 
dition to ensure that the material is fully saturated. 

An indication of insufficient magnetisation is likely 
to be given by an excessive decrease in gap field 
strength soon after magnetising. However, such a 
condition is unsatisfactory, and with modern magnet 
materials the ‘“‘ natural”? ageing should be of the 
order of only 1 or 2 per cent and should also 
occur within the first 24 hours or so after mag- 
netisation has taken “apy the magnet thereafter 
remaining sensibly stable to a few parts in a thousand 
for the rest of its life, providing that it is not mis- 
handled in any way or demagnetised by any ferro- 
magnetic bodies such as steel tools. 

If absolute stability is required immediately after 
magnetisation then it is advisable to age artificially 
the magnet by a few per cent of gap field strength 
by immersing the assembly in an alternating field 
of suitable strength and frequency (say at 50 c/s.) 
for a short period, up to 15 seconds. Alternatively, 
artificial ageing may be carried out by “ recoiling ”’ 
the magnet along a subsidiary hysteresis loop. This 
is effected by operating the variable magnetic shunt 
a few times through the range of its extreme adjust- 
ments. If these precautions are carried out, then 
the magnet should remain stable and uniform. 

In conclusion, it may be remarked that these new 
permanent magnets may possibly be applied to the 
focusing of television camera iconoscopes, and as 
magnetic lenses in the electron microscope. Elec- 
tronic engineers, however, are showing a great 
interest in these new applications and their fields of 
use are expected to extend. 
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Balanced Rectifier Modulators 
Without Transformers 
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| Some simple rectifier | 
By D. G. TUCKER, | Modulators are des-' 
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ALANCED rectifier modulators 


; 
| balance against carrier} 


resistance. The internal resistance 


conventionally include transfor- | leak but avoid the use} from anode to earth is usually quite 


mers, since it is not possible to use 
bridge circuits with all three external 
circuits (i.e., signal input, carrier | 
or ‘* switching ”’ input, and output) 
earthed, and some sort of bridge connexion of 
the rectifiers is essential. In many applications 
the use of transformers may be no disadvantage; 
and if it is desired to eliminate them, valve modu- 
lators can be used. But in applications where the 
input signal and switching signal are of the same 
frequency, so that the difference component is of 
zero frequency, valve modulators involve the 
difficulty of separating this component from the 
steady anode current. Such applications, where 
the modulator is generally known as a “ phase- 
conscious rectifier,’ occur in many kinds of elec- 
tronic instrument where the zero-frequency output 
is used for automatic control purposes, and it is 
always important that phase relationships at the 
modulator are accurate. Thus the use of modulators 
with transformers also gives difficulty, since the 
phase-shift of the transformers will require special 
compensation, and it is almost impracticable to 
produce a large number of transformers with the 
same phase-shift within close limits; thus each equip- 
ment requires individual phase-adjustment, which is 
a far from simple matter. Transformers also often 
lead to trouble due to winding-to-earth capacitance 
and reactance unbalances. 


These difficulties are overcome by the use of a 
transformerless balanced rectifier modulator of one 
of the types described below. An approximate 
analysis of their performance is given on the assump- 
tions that all rectifiers switch suddenly from a con- 
stant high resistance to a constant low resistance 
when the carrier or switching voltage is reversed, 
and that the input signal is small enough to have 
no effect on the switching of the rectifiers. In all 
cases the modulators are of the “‘ half-wave ’’ type, 
i.e., like the Cowan and not the ring modulator, 
and a valve is used to feed the carrier voltage to 
the rectifiers. 

Shunt Modulator 


This is shown in Fig. 1. Here the valve feeds 
the carrier voltage across the bridge network, which 
is connected in shunt with the signal circuit. The 
equivalent circuit of the latter is thus as shown in 
Fig. 2. The resistance 1/ gm appears across Rv and 
Rx, in series with one rectifier, because the cathode 
circuit of the valve offers approximately this internal 

* Post Office Research Station. 


woe ee 


of transformers 


| high compared with Rs and so can 
{ be ignored. The modulator thus 
| behaves as a single “ effective recti- 

fier’? with a forward resistance 
_ (r* + Rs )[rrQ1 + goRe) t R | (1a) 

ies 2re(1 + guRs) + Rs (2 + gmRs ) ae ae 

and a backward resistance, 

Fee he, Fastin cocci ae coe (1b) 
where re and rm are the forward and backward 
resistances of the actual rectifiers, and it is assumed 


that m >> Rs. 


The modulator is then exactly equivalent to a 
Cowan modulator, and the condition for maximum 
efficiency’ (where efficiency is used in the sense of 
the reciprocal of the insertion loss of the mocu-aior}) 
is thus, 


Thien CN Saat a1: 5) Ae eee ee (2a) 
Ge II PRE Billi hhetlateicd! (2b) 
and if in any condition we put R = mVr'r’ then 
the efficiency is 
“I 
1 RAS a ea 7 an Ria ERE OR PRT RR TS eT 3 
(1 + mn)(1 + n/m) (3) 
where n° = rv’ / re’ 


Graphs of the variation of this efficiency with 
variation of n and m are shown in Fig. 3. 

It is evident that the mutual conductance of the 
valve feeding the carrier enters into the calculation 
+ This actually requires further definition. More precisely, the efficiency as 
used here is given by 7 = (1/L)f~(1/L)b, where L is the insertion loss of the 
network on one half-cycle of carrier, and rf and 6 refer to the forward and 
backward direction of switching ; 7 is therefore the ratio of the actual output 
to that which would be obtained if the effective rectifier had zero forward 


and infinite backward resistance. In the latter case, the conversion loss 
is 9.9 db in the optimum condition. 


Fig. 1. Shunt modulator 
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Fig. 3. Variation of 
efficiency of shunt 
modulator with recti- 
fier ratio and circuit 
impedance 
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of efficiency, and it is worth while, therefore, to 
notice that its effect is small, and that changes in 
the valve due to ageing are likely to be impercep- 
tible in the efficiency. For instance, take the 
numerical example below :— 

re = 4002, ro = 40 k2, Ru = 5002, 

Ry = 2k®&, and .-. Rs = 400 ohms. 
If gm = 2.5 mA/V, then with R: and Ro chosen to 
satisfy (2), we obtain 

7 = 0.769 (i.e., 2.28 db loss). 


If subsequently gm falls to 1.25 mA/V, then 17 
becomes 0.764 (i.e., 2.34 db) . . . a change of only 
0.06 db. If the effect of gm is ignored altogether 
(i.e., put gm = 0 in (1a)), then we obtain 7 = 0.753, 
i.e., 2.48 db. It can be seen, therefore, that in 
many cases the effect of gm can be ignored in design 
calculations, and that unless gm is very large, it is 
not likely to cause any serious instability in the 
efficiency of the modulator. 

It is possible to use four rectifiers in the bridge 
by replacing Ru by a rectifier. This is not usually 
very useful, because each of the additional rectifiers 
is shunted by Ry and one by 1/gm. The improve- 
ment in efficiency is thus small, and in the numerical 
example taken above, the efficiency is increased by 
no more than 0.17 db. 


Another disadvantage of the 4-rectifier circuit is 
that a p.c. load must be provided for the rectifiers, 
since they do not form a ring, but must be arranged 
as shown in Fig. 7. The load Rp does not enter 
into the signal circuit, of course, but it does fall 
across the carrier circuit, adding 4 Rp in parallel 
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with anode and cathode loads of the valve. Since 
for satisfactory operation of the rectifiers the value 
of Rp cannot be high, it does form an undesirable 
restriction on the operation of the valve. 

An alternative arrangement, which removes this 
restriction, is to use a rectifier in place of Rp, so 
arranged as to pass the same current as the others, 
but on the opposite half-cycle of carrier. There is 
then no resultant current to build up a charge on 
the capacitors. 

It should be noted that the value of Rx in the 
2-rectifier circuit should not be high if the rectifiers 
are to operate efficiently, since when their pD.c. load 
is of too high resistance a bias voltage is built up 
across the capacitors which tends to keep the 


Fig. 4. Series modu- 
lator with two 
rectifiers 








CARRIER SIGNAL 
rectifiers in the backward condition. Experience 
shows that when Ry does not exceed about twice 
the forward resistance of the rectifiers, the bias 
causes less than 0.1 db reduction in efficiency; and 
although the effect is not independent of the value 
of the coupling capacitances, it appears that any 
value which is satisfactory for coupling purposes will 
not cause any appreciable reduction of efficiency. 
Some effects of bias (which include the reduction of 
certain higher-order modulation products) are dis- 
cussed elsewhere.’ 

Adjustment of the balance for carrier leak can be 
made by means of the potentiometer shown in Fig. 1. 
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Fig. 5. Equivalent signal 
circuit of Fig. 4 





Series Modulator 


A series modulator is shown in Fig. 4; it uses two 
rectifiers, and is superficially the inverse form of 
Fig. 1. It is different, however, in one important 
respect; the anode and cathode loads and the internal 
resistance of the cathode circuit, remaining as before, 
now cause the equivalent signal circuit to appear 
as a T-pad, as shown in Fig. 5. This very seriously 
complicates the determination of the efficiency, and 
there is now no single optimum set of values of R,, 
Ru, Rvand Ro. 

The efficiency, defined as before, is the difference 


2 = [1/L]:-[1/L) 
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and it can easily be shown that, if we put }Rp equal 
to 4Rv in parallel with 1/ gm, 
1/L = Re(R: + Ry) / 
, [3Re(2R: 7 Rw) + 
(ne + $r)(Re + 2h: + Rw)] ... (4) 
where r = 7 or rt as the case may be. 
Generally it will be found convenient to make 
Ru =r: and Ri = Ro = R, and if we put Rp = 2kR, 
R = }mV nr: and n’ = r/rr, then we obtain 
[1/L]c=2k/ [k(1+1/mn)+ (14+1/mn)(1+k+1/mn)] 
and 
(1/L]}.=2k/ siecle amas bidet: 
NRE a oa ie aa peaeton wader: (5) 
which is an easy form for computation. 

Fig. 6 shows the effect of varying k for three 
values of m, taking n° = 100 in all cases. Since, in 
practice, k cannot be very large (because of difficul- 
ties in the valve circuit), it is evident that this 
modulator is less efficient than the shunt type. 

The circuit can be rearranged for four rectifiers 
as shown in Fig. 7, and the equivalent signal circuit 
of Fig. 8 is obtained. The remarks made in Section 2 
about the p.c. load Rv apply equally here. It is 
clear that the conditions for maximum efficiency are 
again irrelevant, since they require Rp =. Again 
taking Ri = Ro = R and Rp = 2kR, the efficiency can 


easily be shown to be 7 = 
2k[(1+n/m)(1+2k+n/m)-(1+1/nm)(1+2k+1/nm)] 
(1+n/m)(1+1/nm)(1+2k+n/m)(1+2k+1/ nm) 
(6) 





Fig. 9 shows how the efficiency varies with k and 
m, taking n° = 100 again. It can be seen that, in 
general, no particular advantage is obtained from 
the use of four rectifiers instead of two. In specified 
cases one or other arrangement may prove to be 
more efficient; for instance, taking m = 0.5 as a 
requirement of the external circuits, then if Rp is 
restricted so that k = 1 in both cases, two rectifiers 
give 6.41 db loss (i.e., 7 = 0.478) and four give 
5.78 db loss (i.e., 7 = 0.517), so that the four-rectifier 
circuit gains by nearly 0.7 db. 


The Carrier (or Switching) Circuit 


The valve which feeds the carrier to the rectifiers 
is a conventional phase-splitting arrangement. It 


Fig. 6. Variation of efficiency of series modulator (using two 
rectifiers) with circuit parameters 
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Fig. 8. Equivalent signal 
circuit for modified 
arrangement 








Fig. 7. Modification 
to Fig. 4 for four 
rectifiers 


functions as a triode, and if a pentode is used for 
convenience, its screen grid must be strapped to the 
anode. The effective anode and cathode loads com- 
prise Ry, Ry and the rectifier resistance in parallel. 
These loads are therefore small. The valve stage 
introduces a loss, so that the grid amplitude has to 
be large to produce an adequate switching voltage 
across the rectifiers; therefore care has to be taken 
to see that grid current is avoided, because this 
would flow through the cathode resistor and un- 
balance the modulator. If grid current is avoided, 
then the carrier-leak balance and the efficiency are 
both independent of variations (within reasonable 
limits) of the carrier voltage, but a grid current of 
more than a few microamps removes this desirable 
independence. 
Reference 

1 As shown, e.g. in D. G. Tucker, J.Jnst. Elect.Engrs., 95, Part III. p.116 

(1948). 


Fig. 9. Variations of efficiency of series modulator (using four rec- 
tifiers) with circuit parameters, 
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ERRATA 
We regret that some errors occurred in the article 
entitled “The Miller Circuit as a Low Speed Precision 
Integrator ’’ in the February, 1950 issue. Corrections are 
shown below: 


Page 67, Equaticn (2): for V in the denominator 
read V in the numerator 

Page 67, line 17: for C1 C2>C; read C1 C2 <« C; 

Page 67, Equation (5): for V/KT as an added 
term read V/KT as a factor 

Page 67, Equation (7): for t as upper limit of 
inner integral read t’ 


Page 68, column 2, line 9 of Table: for tmax 


read timax 
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Refuelling in Flight 


The Use of Radar for Interception 


By C. F. RAWNSLEY, A.M.I.E.E.* 


VERYONE now knows the story of the develop- 

ment of radar for the interception of bombers 
during the war. The peaceful application of this 
technique, to enable trans-ocean airliners to be 
intercepted and refuelled in flight, is perhaps not 
so widely known. 

Messrs. Flight Refuelling, Ltd., developed such a 
system of interception for refuelling a series of 
trans-Atlantic flights. First, in conjunction with 
the British South American Airways Corporation, 
operating Lancastrians non-stop between London 
and Bermuda, with tanker aircraft based at Santa 
Maria, in the Azores. Secondly, with B.O.A.C. 
Liberators flying non-stop between London and 
Montreal, with the company’s tankers based this 
time at Shannon (Eire), Gander (Newfoundland), 
and Goose Bay (Labrador). This second series of 
flights was designed to test operations under North 
Atlantic winter weather conditions. 

To those who had any experience of war-time 
interceptions, the problem under consideration would 
appear at first sight to be very simple, since the 
“target,” instead of taking evasion, flies straight 
and level, signals its position and progress to the 
intercepting tanker, and carries full lighting after 
dark. But against these advantages it should be 
considered that interception often has to be made 
far from land, in areas poorly covered by navigational 
aids, and without the aid of ground control radar. 
The heavily-loaded tanker has no speed advantage 
over the “ receiver ”’ aircraft, so that stern chases 
are out of the question. The interception must be 
smooth, sure, and on time. Moreover, on the prin- 





* Flight Refvelling, Ltd. 


ciple that ‘“‘the customer is always right,’’ the 
receiver aircraft must be allowed to proceed un- 
hindered on its course throughout the operation, and 
the radar of the intercepting tanker must have 
sufficient range to allow for the combined track 
errors, which may be considerable after an ocean 
flight of many hours duration. 

The solution of the problem depends, therefore, 
primarily on two things. Firstly, on good com- 
munications, so that the tanker base and the tanker 
aircraft have ample warning of the receiver’s move- 
ments. The tanker takes off with sufficient time in 
hand to reach a pre-arranged rendezvous point ahead 
of the receiver, which keeps the tanker informed voi 
its progress, and passes any information required. 
Secondly, a device is needed which will give the 
earliest possible indication to the tanker of the range 
and relative bearing of the receiver. Knowing the 
speeds and headings of the two aircraft, and the 
relative bearing and range, the tanker navigator 
then has all the data to solve the interception 
problem. The effect of drift is eliminated by assum- 
ing a common wind and considering air positions 
only. Relative height is arranged by comparison of 
altimeter settings. The tanker usually maintains a 
vertical separation of 1,000 ft. above the receiver 
until ready to formate. 

The obvious choice of equipment for this purpose 
is some form of secondary radar. Consideration has 
to be given to reliability, availability, simplicity of 
operation, and any extra equipment carried by the 
receiver aircraft must be reduced to a minimum in 
weight and bulk. It was therefore decided to fit the 
tanker aircraft with Rebecca Mark II, and to install a 
light weight 200 Mc/s. responder beacon in the 
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customer’s receiver aircraft. Similar beacons were 
also set up at tanker bases where this facility was not 
already provided for homing. 

For the first series of Aghts a standard Eureka 
beacon was used. Satisfactory interceptions were 
made, but it became obvious, from the considerable 
variation in maximum ranges obtained, and _ this 
piece of equipment was not robust enough nor 
sufficiently stable for operation over long periods. 

For the second series, Eureka beacons were 
modified in Flight Refuelling radio workshops so as 
to give a higher output, and to maintain correctly 
their pre-set frequencies. Duplicate sets were in- 
stalled in the B.O.A.C. receiver aircraft as an 
additional precaution. The tanker’s interception 
equipment was also improved by the provision of 
a duplicate set of Rebecca antennae on the tail. The 
change-over from nose to tail arrays could be 
effected by a switch mounted on the indicator unit. 
The reason for this modification was that, owing to 
the relative geographical positions of the tanker 
bases and the probable refuelling points, it was 
apparent that the tanker would have to fly out 
ahead of the receiver, sometimes for considerable 
distances and on almost identical tracks. Consider- 
able benefit was, in fact, derived from the ability 
to get radar contact at long range during the flight 
out, without having to turn the tanker about. 

It is, in fact, this limitation of the Rebecca-Eureka 
combination that has governed the tactics evolved 
for tanker interception. Since a reasonably accurate 
bearing can only be obtained when the other aircraft 
is dead ahead (or astern), the tanker is usually 
manoeuvred so that the two aircraft approach one 
another on reciprocal headings. From the initial 
data obtained, the tanker navigator computes the 
course to steer and the time required to bring his 
aircraft by the shortest route on to this reciprocal 
course. Considerable use has also been made of 
radio compass bearings on transmissions from the 
receiver aircraft, to get additional or check bearings 
and to avoid the repeated turns necessary when 
taking Rebecca bearings. As the two aircraft 
approach one another, the remaining displacement 
errors become apparent, and “ dog-leg ”’ corrections 
are made. The final turn on to the receiver’s course 
is started at a pre-determined range, according to 


F.R. radar responder beacon-T/R 
unit transmitter side 


Ground power unit showing 
coding device 
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the air speeds of the aircraft, so as to bring the 
tanker into loose formation, whether or not visual 
contact has been made before or during the turn. 
Safety height separation is, of course, maintained. 
The Rebecca has occasionally been used as primary 
radar to obtain more accurate information at close 
range, but in general this has not been found 
necessary. 

As a result of these flights it was clear that to 
ensure reliable and satisfactory interception, the 
paramount need (apart from communications) was 
for a really reliable, compact, light weight responder 
beacon. Consideration was given to the centimetric 
bands, but in view of the development work that 
would be involved, and the cost and doubtful avail- 
ability of suitable interrogator equipment, Flight 
Refuelling decided to develop in their radio work- 
shops at Tarrant Rushton a responder beacon work- 
ing in the 200 Mc/s. band. This is made up in two 
units, a transmitter-receiver and a power unit, both 
fitting standard S.B.A.C. racking. The T/R unit 
measures 8 in. wide, 8} in. high, and 12% in. deep, 
and weighs 11 lb. The airborne power unit is the 
same size, and weighs about 15 lb. The beacon is 
triggered by an input of less than 20 microvolts, and 
gives a peak power output of over 300 watts. The 
T/R unit can be continuously tuned by thumb knobs 
over a range of 212/240 Mc/s., and the tuning locked 
in any position. Well-defined width or gap coding 
can be quickly reset to any desired combination by 
means of an ingenious coding device incorporated 
in the power unit. An alternative power unit for 
ground use, suitable for universal power supplies, 
has also been produced. This measures 21 in. wide, 
83 in. high, and 12} in. deep, and weighs 67 |b. 

Although the advent of near sonic speeds and other 
factors may eventually necessitate a change over to 
the higher frequencies, it is felt that this 200 Mc/s. 
beacon will fulfil the needs of the company for some 
time to come. It has already given very satisfac- 
tory results in air-to-air and ground-to-air tests. It 
would also prove to be a remarkably compact and 
easily transportable homing beacon for ground use 
elsewhere. The arrival of Rebecca Mark 4 and the 
further delay in the introduction of 1,000 Mc/s. 
D.M.E. wiil tend to prolong still further the demand 
for an efficient beacon working in the 200 Mc/s. band. 


T/R unit—receiver 
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Pre-ampliftiers 





for the 





In response to appeals from many Tele- 
visor enthusiasts in the fringe areas, 
Mr. Flack has designed the two 
pre-amplifier circuits described. 


W ITH the opening of the Sutton Coldfield station 
and the ensuing reports of long distance 
reception, there has arisen quite a demand among 
Televisor constructors, particularly towards the 
Holme Moss area, for a pre-amplifier unit. Obviously, 
no circuit, however sensitive, will give perfect 
reception in some areas, but in view of the fact that 
the Midlands Televisor will be very easily convertible 
to receive Holme Moss, it is felt that even a unit 
which may at the moment allow only five or so days’ 
out of seven worthwhile reception in extreme cases 
_ will be considered by many enthusiasts to be worth 














Fig. |. Layout of 
both types of 























construction. It need not be emphasised that in all 
areas of low signal strength where reception is poor a 
pre-amplifying circuit is a necessity. 

Two types of pre-amplifier have therefore been 
developed, one having a single r.F. stage while the 
second has two R.F. stages. Each of these pre- 
amplifiers may, by suitable choice of coils and damp- 
ing resistors, be used for reception of Alexandra 
Palace or Sutton Coldfield, details of the modifica- 
tions to the coils and damping resistors being given 
in the lists of components. 

The choice of pre-amplifier must be left to the 
individual and will depend on whether a large 
increase in signal input is required or whether it is 
only necessary to increase the signal so as to improve 
picture contrast. 


Televisor 


By W. I. FLACK, M.I.R.E. 








The pre-amplifiers are both built on small chassis 
and have layouts similar to the Televisor vision 
receivers, this method of construction having been 
found to be extremely stable and trouble free; see 
Fig. 1. Dealing with the single-valve version first, 
Fig. 2, it will be noted that the aerial is coupled 
directly into the bottom of the grid coil, which is 
damped by a parallel resistor. The anode coil is also 
damped by a resistor of low value, the output of 


OH7+ 


Fig. 2. Schematic 
of single valve 
amplifier. 
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For $.C.— 
RI = 6.8kQ 
R3 = 4.7kQ 


500 pF. Micadisc T.C.C. 
. 0.001 ».F CM20. Mica T.C.C. 
R5 = 2.2kQ C3 0.001uF CM20. Mica T.C.C. 
C4 500 pF Micadisc T.C.C. 
VI EFS5O C5 0.001 uF CM20. Mica T.C.C. 
Note changes in values of RI, R3 for S.C. 





the amplifier being taken from a tapping at the low 
potential end of this coil. A .001 #F isolating 
capacitor is connected from this tap to a Belling-Lee 
coaxial socket. 

As the unit will be fed from the main Televiser 
supply, decoupling of the u.t. is effected by making 
the value of the decoupling resistor 6.8k. For con- 
venience in use, the pre-amplifier may be clamped 
to the gantry close to V1 so that the short length 
of coaxial feeder connected to the grid of Vi will 
now plug in to the pre-amplifier output socket and 
the feeder lead from the pre-amplifier will be taken 
direct to the aerial. The coaxial feeder coupling the 
receiver to the pre-amplifier may, of course, be 
shortened suitably. 

Adjustment to the iron dust cores is extremely 
simple, and does not normally require the use of a 
signal generator since the band width is sufficiently 
wide to permit reception over the range of 41.5 Mc/s. 
to 48 Mc/s. for reception of Alexandra Palace or 
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58 Mc/s. to 62.5 Mc/s. for reception of Sutton Cold- 
field, provided that the two tuned circuits are 
staggered very slightly. 

It is sufficient when tuning, to adjust the aerial cir- 
cuit for maximum response, then screw in the iron 
dust core very slightly, after which the anode circuit 
should be tuned for maximum response and then the 
iron dust core unscrewed very slightly. 

The gain of this pss jn Be unit should be not 
less than 14 to 15 db and should increase the sensi- 
tivity of the receiver by a worthwhile amount. 

Where conditions are exceptionally bad the two- 
stage pre-amplifier is advised. This will not, how- 
ever, give a gain double that of the single-stage unit, 
since the band width must still be maintained and, 
more important, the stability must not be allowed 
to suffer. Instability would result in loss of gain, and 
definition would suffer, while the background of the 
picture would become very dirty. 

The two-stage pre-amplifier gives an overall gain 
of 24 to 26 db, its limitation in use being the unavoid- 
able increase in background noise when at full gain. 

From the circuit diagram, Fig. 3, it will be seen 
that the typical Televisor vision receiver circuit and 
layout have again been used, the aerial input being 
taken to a tap on the grid coil, damped 
by a suitable value of resistor. The coupling between 
the two stages is tuned anode, the grid resistor of the 


second valve damping the circuit effectively. 

Fig. 3. The two-stage amplifier 

For A.P.— For $.C.— 

Rt = 2.2kQ RI = 3.3kQ 

R5 = 2.2kQ RS = 3.3kQ 

R7 = 1kQ R7 = 2.2kQ 
R2 2202 Cl 500pF Micadisc T.C.C. 
R3 6.8kQ C2 0.001 uF CM20. Mica T.C.C. 
R4 2.2kQ C3 0.001 uF CM20. Mica T.C.C. 
R6 22002 C4 SO0pF Micadisc T.C.C. 
R8 10kQ C5 0.001 uF CM20. Mica T.C.C. 
RI 1kQ C6 500pF Micadisc T.C.C. 


C7 0.001 pF CM20. Mica T.C.C. 

C8 0.001 uF CM20: Mica T.C.C. 
VI, V2 EF50 C9 500pF Micadisc T.C.C. 

C10 0.001 pF CM20. Mica T.C.C. 
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ALEXANDRA PALACE COILS. 
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mare a 
= = 
— t+ 
‘ ey wll 
Lt L2 L3 
6 4 TURNS 5 % TURNS 8 TURNS 
TAPPED AT I4TURNS. TAPPED 
| TURN FROM THE TOP 
COIL FORMERS ,ALLADIN TYPE F804 
WITH CORES PR 5804. 
SUTTON COLDFIELD COILS. 
-—+-— 
cate b 
cs | | 
Lt L2 L3 
7% TURNS 5% TURNS 9% TURNS 
TAPPED AT 1), TURNS. TAPPED! TURN FROM 
THE TOP 


COIL FORMERS, ALLADIN TYPE PP 5896. 
WITH CORES PP 5940. 


Fig. 4. Coil winding data 


The amplified signal from stage two is taken from a 
tap at the low potential end of the anode coil through 
a .001 #F isolating capacitor to a Belling-Lee socket. 

The anode coil of V2 is damped by a low resistor 
to ensure an adequate band width, while decoupling 
on both valves is effected by the use of fairly high 
value resistors. In service this unit may also be 
clamped to the gantry or mounted on the main 
Televisor chassis close to the input of V1, the aerial 
feeder then plugging in to the output socket. 

For convenience the feeder coupling the _pre- 
amplifier to V1 can be shortened until it is just 
long enough; this may result in some increase in 
signal strength. 

Alignment of the two-stage unit can also be done 
on the signal, The aerial coil is adjusted for maximum 
response, after which the iron dust core is screwed 
in by approximately a quarter turn; the second tuned 
circuit then being tuned for maximum response and 
the iron dust core unscrewed by avproximately the 
same amount. Finally, the output circuit may be 
tuned for maximum response, without further de- 
tuning, since it is already adequately damped. No 
difficulty should be experienced in operating either 
of these units, and if they are mounted at the input 
end of the vision receiver there should be no chance 
of instability. 

It is confidently expected that the pre-amplifier will 
considerably extend the range of the Televisor, the 
probable limiting’ point being background noise. 
When this stage is reached nothing more can be 
done in the receiver; efforts should be made _ to 
improve the aerial system so as to improve the 
signal-to-noise ratio. 
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Dynamometer Type Wattmeter 


for Audio Frequencies 
By D. ALVEY, B.Sc. * 


HE use of the dynamometer in the field of a.Fr. 

voltage, current and power measurement is a 
comparatively new development. Until recently 
its application had been limited to frequencies up 
to about 300 c/s., its development for use at higher 
frequencies being limited by the variation of meter 
consumption with frequency. 

The extension for use over the full audio fre- 
quency range with an accuracy of 1 or 2 per cent 
has been achieved by adopting a light weight con- 
struction, and the incorporation of a suitable fre- 
quency correcting network to reduce power con- 
sumption. A range of instruments has _ been 
preduced covering voltage determinations to 300 
volts, currents to 3 amps. and powers up to 500 
watts. 

An analysis of the major sources of error and the 
design of these instruments will now be considered. 
Basic Principles 

Fig. 1(a) shows the basic arrangement of the 
dynamometer. A fixed coil Ll is wound in two 
sections and a moving coil L2 is suspended so that 
it rotates in the almost uniform field set up by the 
current in Ll. Fig. 1(b) illustrates the circuit 
arrangement, R1 and R2 being the resistances of LI 
and L2 respectively; M being the mutual inductance 
between L1 and L2. To avoid distortion of the field 
surrounding L1, metal parts have been eliminated 
in the region of the coil field and self-supporting air 
cored coils are employed. 

The magnetic moment of the circulating current, 
I2, is given by the area of the coil, A2, multiplied by 
the current /2, ie., A2I2. The turning couple of 
the moving coil L2, assumed parallel with L1, is 
given byA2I2H, where H is the number of lines per 
unit area cutting L2 due to current in Ll. By 
definition of mutual inductance M, the total number 
of lines cutting the moving coil is MI, so that H 
is given by MI/1/ A2. 

Therefore the turning moment D is A2I2MI1/ A2, 
i.e., D = 11J2M. This assumes in-phase currents 
and a constant mutual inductance. To take into 
account the variation of the mutual inductance as 
L2 rotates and also a possible phase angle ¢ between 
the currents we must write M as kV L1L2 and hence 

= Jisev Ane cose FAC) ....:.0..0..5. (1) 
F(®) is written to account for the variation of the 
coefficient of coupling k, which is a function of the 
angle of pointer deflexion 9. 

The deductions made from (1) depend upon the 
application of the meter. 
(i) As a Current Meter. 

When used for alternating current measurement, 
the two coils are switched in series and the induc- 
tance of the instrument is (L1 + L2 + 2k VLIL2). 
In order that the meter shall have a response which 
does not vary rapidly as frequency increases, the 





® Dawe Instruments, Ltd. 


One of the 
new dynamo- 
meter type 
wattmeters 











Fig. |. Physical 








and circuit 
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dynamometer 
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inductance should be kept at a minimum. 


Equation (1) shows that for a desired value of D 
the product L1L2 is fixed, and thus the inductance 
i. of the meter is given by 

if = Li + L2 + const. Ce ceccccccveeeeeccoce (2) 
k being fixed by the geometry of the instrument. 
For L to be a minimun, differentiation of (2) shows 
that L1 and L2 must be equal. This cannot be 
satisfied very easily in practice since, in the interests 
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Fig. 2 (left). Effect of coil 
self-capacitance on current 
meter 


Fig. 3 (right). Circuit 
arrangement of voltmeter 


Fig. 4 (left). Circuit of 
voltmeter with equaliser 
added 











From the vector diagram 


L I(ReRs)e\ V2=I1V(R + Rsl + (LY 





: le.g Ay = 
IV(R + Rs) + (eb) _ | 
1 (R + Rs) 
. > f= + Ry + (Ly | 
' ae (R + Rs)’ 





ie 





of obtaining a sufficient turning moment with the 
smallest possible weight in the moving coil, L1 has 
to be made much larger than L2. As a result there 
is a large reactive power consumption Px, or poor 
power factor, at high frequencies which for the basic 
movement of the instrument is shown in the table: 


























Frequency. | 0.1 | | 10 | 20 ke/s. 
Ps a 85 | 85 850 1700 mW 
cc... | 423 | 0.423 | 0.00423 0.00106 =| pF 











The capacitance C is that required in series with 
the windings to compensate for the inductive nature 
of the meter and, unfortunately, requires adjust- 
ment for each frequency. Should this be done, there 
is also the question of the stray self-capacitance Cs 
of the coils. This introduces a measurement error 
A which is derived as follows: 


Referring to Fig. 2, the current drawn from the 


supply in the absence of Cs is V/#L. When Cs is 
included, the current drawn is (V/eL — VCs) = 
V (1/¢l — Cs). Thus Cs makes a difference of 
VCs in a value of V (1/L — Cs), i.e., a fractional 
error 4 in measurement of 
VoCs re ee 

V (1/¢L — &Cs) (1/“L — Cs) 
#* LCs Paar 
1- hts * #LCs approx. 
when A is a small fraction. 


From the above we see that 4 increases as the 
square of the frequency, but, since L = 60 mH 
approx. and Cs = 10 pF the error even at 30 kc/s. 
is only about 2 per cent, so there is no point in 
reducing the number of turns to reduce 4 since this 
would also produce an undesirable decrease in cur- 
rent sensitivity. 


(ii) As a Voltmeter. 


When the two windings are in series, full scale 
deflexion is obtained with a current of 15 mA. For 
the basic movement this requires only 6.7 volts, so 
series resistances are added to give higher voltage 
ranges. 

If the series resistance is denoted by Rs and the 
resistance of the windings by R, then we have the 
conditions shown in Fig. 3. 

For a given current I, the presence of L changes 
V1 to V2. Thus there is an error during volts 
measurement of 4 y. This fractional error is given by 

V2 — Vi v2 
Be a 2 ay ey 
V1 V1 








Le, = 


1 ob ) 
3( (R + Rs) approx. 
Thus the error in voltage measurement due to the 
inductive nature of the meter increases as the square 
of the frequency and if we fix the permissible value 
of 4 vy, the useful frequency range of the instrument 
is defined. The upper frequency limit follows from 
the above expression as: 
R+Rs_- — 
oma: =o V2 Ay 
The value of Rs is fixed by the required voltage 
V, and if I is the full scale deflexion (f.s.d.) current, 
we have: 


V/I = R + Rs, which gives 
—a 
© max. = — V24Ay 
IL y 
This shows the frequency limit to vary with the 
range of voltage measurement required, and for 
Av = 2 per cent the following table results: 
125 | 250 
4400 | 8900 





volts 


Voltage range... 12 60 
| c/s 


aun 














Frequency limit 





Although Equation (8) indicates that decreasing L 
will give an increase in ®mex. it will also increase the 
f.s.d. current I of the meter, which in turn restricts 
Omax. aS in (3). 

In order to raise max. without increasing the f.s.d. 
current an equalisation network is used. The circuit 
of the instrument is then as in Fig. 4. By suitable 
choice of C the increase of inductive reactance with 
increase of frequency is compensated for by the in- 
crease of capacitive reactance so that the apparent 
resistance seen at the input terminals is almost con- 
stant. By making C = 100 pF, Av is less than 1 per 
cent at 10 ke/s., so the useful frequency range is 
extended considerably. 

iii) As a Power Meter. 


The arrangement of the instrument as voltmeter / 
wattmeier is shown in Fig. 5. Now consider power 
measurement. 

The inductance of the fixed coil will normally 
introduce an error when power is being measured. 
Without the CRs network the loss angle € of the 
voltage circuit will cause a distortion of the phase 
difference ¢ between the two measured quantities; 
while it is required to measure VI cos ¢, the actual 
measurement will be of VI cos (¢ + €) and this causes 
a fractional error in the product measurement of : 

rane I cos ¢ — VI cos (¢ + ¢) 
VI cos ¢ 
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cos (# + ¢) 

cos ¢ 
(cos ¢ cos€ — sin ¢ sin €) 

cos ? 
= 1 — cos€ + sin€ tan? 
Since € is a small angle, we can write 
Ae = ] — ] + € tan ¢ approx. 

or Ac = € tan ¢ 
This error is proportional to the loss angle € of the 
fixed coil circuit and is therefore largely reduced by 
the use of the CRs network. The remaining error can 
be calculated from the data supplied with the instru- 
ment and the appropriate correction can be made. 
Applications 

As seen from Fig. 5, the coils are switched in series 

for voltage readings, while for power measurement 
the moving coil is supplied separately from a current 
transformer. The moving coil has an inductance 


VO I 





125 V. 











250¥ 


Fig. 5. Circuit of voltmeter/wattmeter (switches in wattmeter 
position) 

of approximately 6 mH and a resistance of 150 ohms., 
while the fixed coil has an inductance of about 60 
mH and a resistance of 300 ohms. The use of the 
range switches enables power measurements to be 
taken up to 500 watts, the lowest range permitting 
the reading of 0.05 watts. The actual ranges of the 
current and voltage circuits are: 





Current Ranges | Voltage Ranges 
f.s.d. Resistance | f.s.d. Resistance 
0.02 A | 250 ohms | 125 v. 8,000 ohms 
0.08 15 250 | 16,000 
0.4 | 0.6 
2.0 0.03 ' 








The use of each of the current ranges in conjunc- 
iion with the voltage ranges give the meter the 
following power ranges: 

2.5 or 5 watts, 10 or 20 watts, 

50 or 100 watts, 250 or 500 watts, 
with an accuracy of +2 per cent of full scale 
reading. The scale is calibrated in watts and 
volts, and may be used for a wide range of power 
measurements. The lower ranges can be used 
for measuring the output of small power valves 
and the consumption of the smallest transformers, 
while at the other extreme are the measurement of 
the output and performance of public address equip- 
ment and the consumption of mains and large audio- 
transformers. 

Expression (1) shows the turning moment to de- 
pend upon the phase difference ¢ between the coil 
currents, thus a means is provided for measuring 
phase angles. ; 
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A problem which normally requires a great deal 
of time and several measurements is that of deter- 
mining the optimum terminating impedance for a 
generator. The circuit of Fig. 6 shows how the 
optimum ‘impedance Z’ is easily obtained by vary- 
ing Z for maximum power, Z then being given by: 

t. 
Z+ Ri 
This expression neglects R2, the resistance of the 
current circuit, since this is much smaller than Z 
in most practical applications. R1, however, which 
is the resistance of the voltage circuit and is in shunt 
with Z, must be taken into account. 

The meter may also be arranged in the form of a 
voltmeter /ammeter, the instrument being described 
having the circuit of Fig. 7. The same basic move- 


GENERATOR 








Fig.6 Simplified arrangement for finding the optimum load 
for generator 











ia 











—O 





Fig. 7. Circuit of voltmeter-ammeter 


ment is employed and an equalisation network RC 
in the voltage circuit. For range switching of both 
voltage and current, tapped transformers are 
employed. Calibration is in amps, and volts, the 
important data being as follows: 





Current Ranges | Voltage Ranges 








f.s.d. Resistance | Inductance! f.s.d. Resistance 
ohms | mH. volts ohms 
30 mA 145 17 i0 | 64 
100 mA_ | 15 | 1.6 30 | 629 
300 mA | 2 0.17 100 | 6,200 
1A 0.13 0.02 300 | 18,500 
3A 0.02 | 0.003 | 





The power consumption of approximately 0.2 watts 
on the current range is less than can be achieved 
with soft iron instruments, although the figures 
given for the voltage ranges show that its applica- 
tion as a voltmeter may be somewhat restricted by 
the consumption. A valve preamplifier can, of 
course, be used to reduce the loading of the 
instrument. 

Some additional information concerning the per- 
formance of these instruments is contained in Archiv 
fiir Technisches Messen, J741-11, p. 124, December, 
1948. 

The Dynamometers described are manufactured by 
Messrs. Rohde & Schwarz, of Munich, Germany, and 
further information concerning their availability in 
this country is obtainable from Dawe Instruments, 
Ltd., of Hanwell, London, W.7. 
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A New Method of Synchronisation 
For Long Range TV Reception 


By T. B. TOMLINSON, B.Sc.(Hons.) Assoc.Brit.I.R.E.* 


T HE effect of noise on a television picture such 
as is obtained beyond the so-called fringe areas 
is two-fold. The first and obvious effect is that the 
noise components appear at the detector more or less 
superimposed on the modulation envelope in a sub- 
stantially positive phase (Fig. 1(a)). This produces 
on the received picture a pattern of bright spots 
whose occurrence is completely random and shows up 
as a ‘‘ speckled ”’ appearance or, if viewed from a 
distance, a ‘‘ mistiness ”’ over the picture proper with 
a consequent loss of definition. 

The second effect is illustrated by Fig. 1(b): even 
with quite elaborate circuits the separated syn- 
chronising pulses are likely to include irregularities 
due to the presence of noise. As in the more distant 
1eception areas the synch, pulse is often completely 
filled with noise pulses, the possibility of obtaining 
a clean, noise free, separated pulse appears rather 
remote. The result is a tendency for the line time- 
base generator discharge to be initiated by a noise 
pulse appearing before the synch. pulse leading edge 
in the normal triggered type synchronising systems. 
This leads to a random variation in the exact moment 
at which the time base flyback commences, as shown 
in Fig. 1(c) where the periods T1, T2, T3, etc., are not 
equal as they would be in noise-free circumstances. 


* Electronics Dept., University College, Southampton. — 


Fig. | (a) (Photograph) Noise on the modulation envelope. (b) and 
(c) Noise triggering the fly-back circuit at irregular intervals 
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The final effect is a lateral displacement of the scan- 
ning lines which is noticeable in the irregular or 

ragged ”’ vertical edges of the picture. The same 
effect occurs in the frame time base but, due to the 
much longer scanning period, the vertical displace- 
ment is unnoticeable except as a random fluctuation 
of interlace which is not nearly so disturbing to the 
eye. 

The line displacement effect is generally far more 
serious than the brightness modulation effect. This 
can be readily demonstrated in an area of high signal 
strength by using a noise-free signal to operate the 
synch. system and by using a very noisy video signal 
from another receiver with a poor aerial system to 
modulate the cathode-ray tube. It will be seen that 
a video signal having noise pulses completely filling 
the synch. pulse will give a picture with entertain- 
ment value, but if the synchronisation is operated 
in a normal (trigger-type) manner from the same 
signal then the definition is so poor as to become 
intolerable. 

Due to this and to ignition noise effects, several 
new type synchronising systems have been evolved 
and are generally known as automatic frequency y- 
phase control or “ flywheel synch.” circuits."? Some 
of these have been tried out by the author with but 
moderate success, the only really satisfactory method 
appearing to be that known as the “ sine-wave ’ 
method.’ This makes use of a stable sine-wave oscil- 
lator (10,125 c/s.) with a reactance valve and phase 
discriminator connected in a similar manner to that 
used in automatic frequency control circuits (Fig. 2). 


Differentiating To sawtooth 
\ J \ , circuit, Oscillator synch. 
‘near’ square Wave. 


Stable Sine Reactance | 
Wave Oscillator Valve. a 


Phase 
Discriminator. 


Fig. 2. Sine-wave ‘flywheel ”’ synchronisation 


An attempt is made to obtain a nearly square wave 
output from the oscillator which, after differentia- 
tion, provides a short pulse for synchronising a nor- 
mal type sawtooth generator. In order to obtain the 
correct phase, i.e., for the actual synchronising pulse 
and the leading edge of the transmitted synch. pulse 
to be coincident it is necessary to adjust the tuned 
circuit of the discriminator to a frequency somewhat 
lower than 10,125 c/s. In practice, the synch. pulse 
obtained is a wide’ pulse of comparatively slow rise- 
time which results in a slowing up of the sawtooth 
generator flyback time. A better method is to pass 
the output of the sine-wave oscillator into a high 
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Fig. 3. The circuit arrangement of Fig. 2 gives the differentiated 
output shown at (c) 


slope pentode connected as a “ squarer ”’ valve whose 
output after differentiation gives a short pulse with 
a sufficiently fast rise time. The circuit is then satis- 
factory and shows good immunity from noise, and 
although elaborate it has the advantage of being auto- 
matic in action. 

A simpler circuit, and one believed to be original, 
has been employed by the writer for a considerable 
time with greatly improved reception at a distance 
of approximately 80 miles from the Alexandra Palace 
transmitter. The principle is to use a selective ampli- 
fier*‘ to extract the fundamental frequency com- 
ponent from the separated synch. waveform (Fig. 
3(a)). The amplifier is of the type using a Wien 
bridge circuit and has a bandwidth of the order of 
40 c/s. centred on 10,125 c/s., thus discriminating 
against the noise components in the waveform as well 
as all the harmonic frequency components. The cir- 
cuit details are given in Fig. 4. 

Briefly, there is frequently selective positive feed- 
back via the bridge network C3, R5, C1, R4, the 
maximum feedback occurring at a frequency given 
by fr = 1/27 V R4R5C1C3 at which frequency the net- 
work phase shift is zero. At frequencies differing 
from fr the feedback voltage decreases and is shifted 
in phase closely similar to the action of a tuned cir- 
cuit. When R4 = R5 = 1/27frC1 = 1/27frC3 it may 
readily be shown that the feedback voltage at fr is 
1/3, so that an amplifier gain of three times would 
just lead to oscillation. (See Appendix A). The gain 
is therefore reduced by negative feedback so as to 
be just less than this figure, the adjustment being 
provided by variable resistance R10, which acts as a 
reaction control. 


_ The combined action of the two feedback networks 
is to give a high gain over a narrow band of fre- 
quencies and a low gain at all other frequencies. 
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By applying only a small fraction of the separated 
synch. pulses to the amplifier by means of potential 
divided network, Rl, R2, we can ensure that the 
output is an almost perfect 10,125 c/s. sine wave. 
The effective Q-factor obtainable with stability 
over a long period of time was found to be 250, with 
a corresponding amplification of 2,200 when the reac- 
tion control R10 was set just short of the oscillation 
point: a more critical adjustment gives a higher Q- 
factor, but more dependent on supply potentials. 
The sine wave output at the anode of V2 is of the 
order of 75 volts peak to peak and is fed into a 
‘“* squarer ’’ valve V3 whose output is differentiated 
by C8, R19 (Fig. 3(b) and 3(c)) and provides a short 
positive pulse which is used to synchronise the saw- 
tooth generator. A blocking oscillator type was used, 
but any other standard circuit should be satisfactory. 
With negative synch. pulses applied to input at A the 
short pulse derived will be a positive pulse and vice 
versa, hence the type of sawtooth oscillator may be 
determined by the polarity of the separated synch. 
pulse. In this synch. system also, the centre tuning 
frequency must be slightly mistuned in order to get 
the correct phase relationship. (See Appendix B). 

The circuit is substantially free from frequency 
drift, which is almost entirely due to temperature 
variation in the values of the bridge network com- 
ponents. For this reason high stability resistors and 
low tolerance protected silvered mica capacitors were 
used. However, it was soon realised that the main 
source of frequency drift was in the transmitted 
waveform due to the ‘‘ spongey ”’ lock with the 
50 c/s. mains: there also occur quite sudden fre- 
quency changes in the fundamental, and considerable 
frequency fluctuation occurs on some outside broad- 
cast transmissions. It is these effects which cause 
automatic phase control circuits to “‘ hunt.”” As a 
result it was found that the phase of the square wave 
output varied sufficiently to cause considerable lateral 
displacement of the picture, part of which is then lost 
to view. 

The best answer to this problem is to have the fre- 
quency adjustment variable resistor R3 on an 
extension cable and to operate it from the viewing 
position. This is not such a drawback as it sounds 
since it will only need occasional adjustment. In any 
case, for reception in and beyond the fringe areas it 


Fig. 4. Schematic of the circuit described by the author 
+250v 











Rig 
1OK 














V2 V3 
Vy + V2...00 6S oF 4 (6SN7) 
V3. sen. 6AC7, SP6I. 








a ee a ee ee ns 


> can ee 





50 


ted 
ial 
the 
ve. 
ity 
ith 
ac- 
ion 


Us. 
the 
. a 
ted 
ort 
Lw- 
ed, 
ry. 
the 


ice 


ch. 
ing 
get 


cy 
ure 
m- 
ind 
ere 
ain 
ted 

he 

Te- 
ble 
ad- 
use 
3 a 
ve 
ral 
ost 


an 
ing 
ids 
ny 
3 it 


9 
K 








April, 1950 


is an advantage to have the contrast control on an 
extension lead, so the writer has a small panel for 
the two controls which is placed on the arm of the 
chair at viewing times. The extension lead to R3 
may be about 8 yds. of coaxial cable: this will have 
a capacitance of approximately 200 pF, whose reac- 
tance has negligible shunting effect on R3, even at 
its maximum value. 

Since the phase changes more rapidly with fre- 
quency at higher Q values, it is not wise to adjust 
R10 too critically. The circuit will also operate 
when the reaction is adjusted to a continuously oscil- 
lating condition and the amplifier, now a sine wave 
oscillator, is synchronised in step with the input 
synch. pulse fundamental. | Under these circum- 
stances it will be found that the phase error changes 
rapidly with changes of fundamental frequency, 
resulting in a need for continual adjustment of the 
frequency control. 

During the first part of the frame pulse, the line 
pulses are replaced by half line pulses and the 10,125 
c/s. fundamental is temporarily absent. However, 
due to the high Q-factor of the circuit, the sine wave 
output dies away very slowly and does not modify 
the working of the circuit before the line pulses re- 
appear, as its magnitude is always more than suff- 
cient to drive the ‘‘ squarer ”’ valve. 

For valve economy, V1 and V2 may be the two 
halves of a 6SN7, the operation being quite as satis- 
factory as for two 635’s but, possibly due to cross 
coupling in the two sections, the position of R10 
required to start oscillation differs from that at which 
oscillation ceases, i.e., an oscillation hysteresis effect 
occurs. This is not a disadvantage but means a little 
more care is required in the preliminary adjustments. 

The setting up procedure is as follows: 

1. Disconnect the synch. pulse input at A. 

2. Adjust R10 until the circuit oscillates; oscilla- 
tion is apparent when the scanning frequency is 
independent of the sawtooth generator synch. control 
over a considerable range of adjustment, i.e., the 
generator is synchronised to the oscillations. 

3. Adjust R8 to bring the frequency of oscillation 
to exactly the fundamental synch. pulse frequency— 
a steady picture can now be seen on the screen. 

4. Adjust R10 until oscillation just ceases— 
detected as in 2 above. 

5. Connect up synch. pulse input at A. 

6. Adjust frequency control R3 to obtain correct 
phase. 

The last adjustment is the continually variable one, 
all the others are made in the preliminary setting 
up and should not have to be readjusted. 

In conclusion, it may be stated that the above 
system has now been in operation at Southampton 
with a-standard type receiver having an ordinary 
dipole and reflector as aerial system and has per- 
mitted consistent reception with entertainment value. 
On the occasions when the signal strength is suffi- 
ciently high, the definition is very good and the 
immunity from ignition noise very noticeable. It 
may be that the circuit could be used to advantage in 
a region of high ignition noise even though the signal 
strength were quite high. 

The author would like to thank Mr. G. Q. McColl 
of the Electronics Department, University College, 
Southampton for his valuable assistance with the 
experimental work. 
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APPENDIX A 


5 Let R4 al 

Cl=C8=C 

Now at fr, (Xc)fr = wae = R 

At any other frequency f, (Xc)f = — 


R , (ir. R) 


Feedback ratio 8 = 








which reduces to 8 = ———— 


8 + j(f/fr — fr/f) 


1e.. 8 = 1/(3 + Jy) where y = (f/fr — fr/f) 
~~ = and 8 = 1/38. 
Let Go = gain with no positive feedback (Go < 3) 
and G = gain with positive feedback 
then G = 
ORR aa Go 
1—GoB 1 — Go/(3+jy) 


At “ resonance ”’ freq. fr, Gr = 


ll 





Y 


3Go 
3 - Go 


(1+ _jy/8) Rs 
1+ jy Gr/9 
At frequencies near fr, y/8 <<< 1 C3 
G 
aes 3 
1 + jy Gr/9 Re Sec, 
i.e., effective Q = Gr/9 
and bandwidth (3db. points) ~ 9fr/Gr 
Appendix B. Phase shift calculation 


From Figs, 3(b) and 38(c) it can be seen that 
positive synch. pulse is developed approx. 20 usec. 
in advance of the leading edge of the line synch. 
pulse (assuming no phase shift in the selective 
amplifier of the fundamental frequency component). 
This corresponds to a phase shift of 72” 

. tan~’ yGr/9 = 72° 
Now y = 25f/fr if 8f << fr 
whence 8f ~ 60 c/s. 
i.e., to introduce the correct phase lag, the tuning 
frequency must be 10,065 c/s. In practice it was 
found that some of the phase shift occurred in the 
amplifier itself due to stray capacitance effects and 
so not such a large degree of mistuning was neces- 
sary. Experiment showed that a mistuning of 
60 c/s. leads to a phase shift of 90°. 
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The Influence of 
High-Order Products 
in Non-Linear Distortion 


| commonly accepted figures for the maximum 
allowable non-linear distortion in broadcasting 
and reproducing systems are based on work carried 
out many years ago. Since then, new kinds of 
apparatus producing forms of distortion not covered 
by the early experiments have come into use, with 
the result that subjective assessments of non-linear 
distortion do not always agree with assessments based 
on measurement. This article describes some recent 
experiments showing the extent of the error which 
can result from the common practice of taking the 
R.M.S. total harmonic distortion of a system as a 
criterion of linearity. 

Comparative tests were carried out on six different 
systems, which are designated in the Tables by the 
letters A to F. The distortion introduced by each 
system varied only slightly with signal amplitude up 
to a fairly well defined overload point, and the investi- 
gation was confined to signals not exceeding this 
amplitude. In four of the systems (A, B, C, F) the 
principal distortions were substantially constant over 
most of the frequency range, and in the other two (D 
and E) the application of negative feed-back had 
reduced the distortion over the lower part of the 
frequency range, without appreciably affecting it for 
frequencies of 1,000 c/s. and above. With these last 
two systems, therefore, the standard of quality was 
set by the distortion of signals above 1,000 c/s., and 
since most programme material has from time to time 
a large proportion of its energy around and above this 
frequency, valid comparisons of maximum distortion 
could still be made between the various systems. 

Subjective assessments of non-linear distortion were 
made on the six systems by listening to a programme 
on a wide-range coaxial-horn loudspeaker. Much of the 
test programme consisted of solo pianoforte, the repro- 
duction of which has been found to be seriously im- 
paired by quiteasmall amount of non-linear distortion. 
An immediate comparison was made by listening to the 
programme reproduced through a transmission cir- 
cuit having very low inherent distortion, the system 
under investigation being periodically introduced 
into the chain. f 

Objective assessments of the non-linearity were 
made in the first instance by measuring the R.M.s. 
sum of distortion products produced by the applica- 
tion of either a single tone or of two tones together. 
It soon became evident, however, that a more detailed 
analysis was called for, and eventually a single test 
tone was used with a wave analyser capable of in- 
dicating distortion products as small as 0.01 per cent 
of the fundamental. In addition, the input and out- 
put of the system under test were applied to the X 
and Y plates of a cathode-ray oscilloscope, the phase 
of the input being adjusted to produce a line. The 
oscillogram was then examined for sharp bends or 
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kinks, which would indicate the presence of high- 
order harmonics. The input frequency used for the 
harmonic distortion measurements was 250 c/s. for 
systems A, B, and C, and 1,000 c/s. for systems D, 
K, and F. 








TABLE | 
Subjective Classification R.M.S. 
System of Distortion | Sum of Harmonics 

> | Bad 3.7% 
B Perceptible 3.3% 
Cc Just perceptible 2.6% 
A Bad 2.3% 
E Just perceptible 0.62% 
F Not perceptible 0.41% 











Table I shows the rough subjective assessment of 
the distortion of the six systems, alongside the 
R.M.S. total harmonic measured at a level 8 db. below 
the overload point. The systems are tabulated in 
decreasing order of harmonic distortion, and it will 
be seen that there is poor correlation between the sub- 
jective assessment of distortion and the total harmonic 
measurement. 

The oscillograms for systems A and D showed pro- 
nounced kinks, suggesting the presence of high-order 
harmonics, and similar though less prominent dis- 
continuities were displayed by system E. That high- 
order harmonics are more offensive than low has long 
been recognised, and it was thought that if allowance 
for this factor were made, the discrepancies of Table 
I might be accounted for. The amplitude of each 
measured harmonic was therefore weighted by a 
factor proportional to its order relative to the second, 
a procedure laid down as long ago as 1937 in an 
R.M.A. specificationt for testing broadcast receivers, 
but, as far as it is known, not widely adopted. 
According to this procedure, the amplitude of the nth 
harmonic is multiplied, by n/2, so that the figure for 
the 2nd harmonic is unchanged. The result of this 
weighting is given in Table II, in which the systems 


TABLE Il 














Subjective Classification | R.M.S. Sum of Harmonics 
System of Distortion with nth Harmonic 
plit d leinli d by n/2 
D Bad 6.7% 
A Bad 5.1% 
B Perceptible 5.1% 
cS Just perceptible 2.8% 
E | Just perceptible 1.3% 
F Not perceptible | 0.8% 











are again presented in decreasing order of the distor- 
tion figure. It will be seen that the balance is now 
partially redressed, but that, contrary to the subjec- 
tive assessment, systems A and B appear to be 
equally bad. 

A more drastic weighting, in which the amplitude 





t “ Specification for Testing and Expressing Overall.Performance of Radio 
Broadcast Receivers—Part 2—Acoustic Tests.” Published by the Radio 
Manufacturers’ Association. Revised December, 19387. See page 5 under 
“ Distortion Factor.” 
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of the nth harmonic is multiplied by n’/4, was there- 
fore tried. The result with this weighting, which 
again leaves the 2nd harmonic unaffected, is given 
in Table III. This time, the order of merit obtained 











TABLE Ill 
Subjective Classification | R.M.S. Sum of Harmonics 
System of Distortion with nth Harmonic 
Amplitude multiplied 

by n*/4 
A Bad 19.4% 
D Bad 16.5% 
B Perceptible 8.6% 
E Just perceptible 4.5% 
Cc Just perceptible 3.3% 
F Not perceptible 2.2% 

















from the distortion figures confirms that obtained by 
subjective tests, and the difference between systems 
A and B is clearly brought out. 

The series of figures resulting from this heavy 
weighting of harmonic amplitudes converges very 
slowly if at all, so that the total distortion figure 
depends to some extent on the number of terms taken. 
It is therefore desirable to place some limit on the 
number of weighted harmonics that are included in 
the total. One method is to include only harmonics 
up to a certain order. This method was tentatively 
applied by excluding all harmonics above the 15th, 
but was ultimately rejected because the results dis- 
criminated in favour of the worst system, such as A, 
which had 0.08 per cent of 25th harmonic. Since 
heavy weighting brings into prominence some com- 
ponents which were initially too small to be accurately 
measured, it may be preferable rather to exclude all 
harmonics having less than a certain amplitude. This 
criterion was applied to the present data, all terms 
based on harmonic figures of less than 0.03 per cent 
being excluded as insufficiently accurate. 

The importance of high-order harmonics, even when 
individually small in energy content, suggests that 
distortion should be regarded in terms not so much of 
the separate harmonics as of the complete series or of 
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the composite wave-form that this series represents. 
The —— of the wave-form which are significant 
for this _ om remain to be investigated. It may 
be noted, however, that the product obtained by 
weighting the distortion wave-form proportionally to 
the square of the frequency, i.e., by adding 12 db. per 
octave rise, or differentiating twice, gives a measure 
of the reciprocal of the radius of curvature of the 
wave-form, and is therefore related to the sharpness 
of any corners on it. 

The type of input-output characteristic which pro- 
duces many high-order harmonics from a single-fre- 
quency tone will also produce a large number of inter- 
modulation products when several tones are simul- 
taneously applied. For example, where a single tone of 
frequency p would produce a single harmonic 2p, two 
tones of frequencies p and q would produce two sum 
and difference frequencies, p + q. Similarly, a har- 
monic 8p originating from a single tone corresponds 
to four inter-modulation products (p + 2q, 2p + q) 
from two tones, a harmonic 4p to six inter-modulation 
products and so on. Consequently, when the ampli- 
tude characteristic of a transmission system has a 
sharp discontinuity, the number of alien frequencies 
generated during the transmission of a programme 
must be very large. It is therefore important that 
this form of distortion should be recognised whenever 
it occurs, and also that objective tests should be so 
framed that they give appropriate numerical expres- 
sion to its effects. Much speculation is possible as to 
the best way of achieving this end, but there is as yet 
insufficient evidence to justify the use of any one 
formula. The results of the experiments described 
above show the danger of designing equipment to the 
usual figure of total harmonic distortion without 
reference to the type of non-linearity concerned. The 
time appears ripe therefore for the early experiments 
on permissible distortion limits to be repeated, 
taking into account all forms of non-linearity known 
to occur in modern systems of sound transmission and 
reproduction. 





Sciaky Collector Head 
Advantages claimed over the more 
usual carbon brushes are: lower 
voltage drop and longer life. 


"a= function of the Sciaky collector head is to 
transmit heavy currents from a stationary to a 
rotating member. This device, a development from 
a thorough study of the action of transmitting 
secondary welding currents on electric resistance 
seam-welding machines, replaces copper carbon 
brushes such as are used in transmitting current in 
the electro plate tinning line in the steel industry. 

The copper carbon brush is comparatively in- 
efficient because of the relatively high voltage drop 
under operating conditions, causing considerable heat 
at contact points and consequently producing rapid 
wear and high maintenance. The collector head 
ensures long life with negligible brush drop because 
of the inherent design and quality of highly conduc- 
tive materials. The overall efficiency of the head 
is extremely high since its resistance, as measured 
from the stationary connexion to the rotating face 
plate, is less than 10 microhms. 


This particular head is rated at 10,000 amperes 
continuous D.c. current, 12 volts at 400 r.p.m.; how- 
ever, heads with different ratings can be supplied. 
The approximate overall dimensions are 10 in. by 
11} in. by 13} in. with a face plate 10 in. in diameter. 

Manufacturers: Sciaky Bros., 4915 West 67th 
Street, Chicago, Illinois. 


The collector head has 
pure silver contacts, 
which are fused to copper 
segments, bearing by 
spring pressure on the 
rotating shaft. 
Up to 2 gallons of water 
a minute are required for 
cooling 
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Ceramic Dielectrics for Electronic Signal Devices 


‘i HE relation of systematic variation in composi- 
tion of ceramic dielectrics to their properties is 
being investigated in the Porcelain and Pottery 
Section at the National Bureau of Standards. Such 
investigations are necessitated by rapid develop- 
ments in the field of electronics, which have intro- 
duced operating conditions too severe for electrical 
insulating materials commonly used as dielectrics. 
Paper, for example, is a satisfactory dielectric for 
some types of capacitors, but at elevated tempera- 
tures it chars and thus fails. In contrast, ceramic 
dielectrics not only withstand temperatures of 
500° C. and over, but, more important, ceramic 
dielectrics having superior properties make possible 
a reduction in the size of capacitors compared with 
those made of paper and mica. 

One step in the development of miniature capaci- 
tors is the fabrication of ceramics in the form of 
thin plates comparable in thickness to that of paper 
and mica. A technique for dry-pressing and firing 


LINEAR THERMAL EXPANSION, SELECTED SPECIMENS OF 
CERAMIC DIELECTRICS 


























Temperature range from 25° C to— 

Specimen -—— PSOE psa 
Designation | 100° C | 200° C | 300° C | 400° C | 500° C | 600° C | 700° C 

Per Per Per Per Per | Per | Per 

cent cent cent cent cent cent cent 
C2T = 0.07 | 0.18 | 0.30 | 0.42 | 0.555 | 0.68 | 0.82 
cT oP .07 185 | 31 43 56 | 69 | .82 
4 07 175 | .29 a i.St | 43 1.795 
cT2 te 065 | .17 28 39 50 | £2. | 735 
CTé sed 06 15 25 .35 45 555 | 655 
CBS oe 055 | .16 285 | 41 545 | .68 8! 
BC26... 06 155 | .265 | 1365 | .475 | .585 | .705 
OOS es 055 | .15 255 | .355 | .46 57 | .685 
BC6 we 065 | .175 | .285 | .40 52 64 | .765 
B2C25__... o7 | 19 | 325 | 45 59 725 | .87 
oe 18 34 | 447 | 605! 7h ! 85 

















Systematic variation of composition produced calcium-barium 
titanate dielectrics having widely different electrical properties. 
The range of values for dielectric constant, K, is shown on the ternary 
diagram for the system CaO-BaO-TiO,. B=BaO, C=CaO, 
and T=TiO, 


has been evolved in the production of small plates 
0.003 to 0.006 in. thick. The principal change in 
the conventional dry-pressing procedure involves 
special treatment of the mixtures of calcines and 
bonding agent. With reduction in thickness of 
plates, it is essential that lumps in this mixture be 
broken up by passing it through a No. 50 sieve. The 
resulting powder may be distributed in small quan- 
tities in the cavity of the hardened steel mould to 
form a layer of uniform thickness. A pressure of 
20,000 Ib. per square inch on this layer of powder 
converts it into a plate a few thousandths of an inch 
thick. Despite their thinness, these plates are suffi- 
ciently strong to be ejected from the mould without 
cracking and also to be transferred without breakage 
to a sheet of glass for drying. When dry, the green 
plates are stacked and stored until needed for firing. 

In order to preserve the flatness of the plates 
during the firing procedure, some changes were 
necessary in the usual arrangement of the plates on 
the refractory supports. Excessive warpage in- 
variably occurs if the plates are distributed in a 
single layer on the plane surface of the refractory. 
Flat plates are obtained, however, when they are 
stacked on such a refractory, and the stacks are 
weighted with a refractory disk. To prevent 
adherence at high temperatures, the stacked plates 
are separated from each other by thin layers of air- 
floated zirconium dioxide. Firing for 1 hour at 
1,445° C. results in matured plates, as indicated by 
less than 0.1 per cent of water absorption. 

It is desirable that the capacitance of capacitors 
fabricated from ceramic dielectrics should not be 
affected by variations in temperature over a wide 
range, such as —60° to 200° C. Experimental 


TiO, 








BaO 70% 
T102 30%. 


70% Cad 
50% TiO 





The various c barium ti dielectrics have been plotted 

on the ternary diagram to show their electrical properties (K, 

dielectric constant, and Q, reciprocal of the power factor). Com- 

positions shown as black full circles decrease in K and Q with time; 

half-circles decrease in K and oe in Q with time; circles are 
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capacitiors assembled so far at this Bureau contain 
plates, 0.75 by 0.75 by 0.005 in., which are composed 
of a series of barium-strontium titanates with peak 
values of 12,000 to 18,000 dielectric constant (K) at 
5-degree C. intervals from -—60° to 120°C. Such 
assemblies have a capacitance of 5 to 15 microfarads 
per cubic inch with a variation in capacitance of 
11 per cent for changes in temperature from —60° 
to 100° C. For comparison, the dielectric constant 
of paper and mica is under 10, and the volume they 
require in capacitors for equivalent duty is corre- 
spondingly larger. At 200° C., however, the capaci- 
tance for the ceramic capacitors decreases to one- 
third the maximum value and the direct-current 
leakage becomes excessive. 

In some instances, designers of electronic equip- 
ment have called for the fabrication of a capacitor 
of given capacitance, temperature coefficient of 
capacitance, shape, and size. This in turn required 
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specific properties on the part of the ceramic 
dielectric. Several types of single plate and tubular 
capacitors, fabricated at this Bureau, have met the 
designers’ specifications. The selection of some of 
these dielectrics was based upon data _ recently 
obtained from the Bureau’s investigation of the pro- 
perties of calcium-barium titanate dielectrics.* 
Ceramic dielectrics are applicable to electronic 
signal devices not only for the armed services, but 
also for the commercial production of radio, radar 
and television sets, and hearing aids. Other investi- 
gators are examining the uses of ceramic dielectrics 
in research problems that involve very high voltage, 
X-rays, and instantaneous photography. 
—National Bureau of Standards Bulletin, December, 
1949. 


~* For further “technical ‘details, see bie Properties of calcium-barium 
titanate dielectrics,” by E. N. Bunting, G. R. Shelton, and A. 8. Creamer, 
J. Research, NBS 43, 237 (1949) RP2025. 





A Television Sound Rejector 
By C. H. BANTHORPE* 


O NE of the problems which has te be overcome 
in a vision receiver is that of sound break 
through, and this is particularly difficult in a T.R.F. 
receiver, due to the small percentage difference be- 
tween sound and vision frequencies. The subject has 
been covered fairly completely by at least two 
writers’’ but there appears to be no reference to the 
circuit known as the “ Bridged-Tee ”’ filter, although 
it has certain advantages for this purpose. 

The circuit has been used for many years in a 
number of ways, e.g., for the measurement of “ Q,”’ 





incremental inductance, frequency, 
impedance, and for distortion | 
measurements and has the property | 
of providing infinite 

at one frequency. 


attenuation . os 
In America it is | 
finding favour as a filter in tele- 


vision, but is little used here. 


See mae : i Fig, 1. 
One circuit is shown in Fig. 1, L, ’ 


carefully selecting R38, very much higher ratios can 
readily be obtained. 

Two practical circuits used in production by the 
writer are shown in Figs. 3 and 4; the first is useful 
in the aerial circuit of a vision only receiver, and the 
second is used in a circuit where the first two valves 
are used for sound and vision amoplification. 

It has been found best to use silver mica capacitors 
for the traps and the resistors are of the high stability 
cracked carbon type made by Dubilier, otherwise 
trouble may be experienced due to thermal drift. 
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Fig. |. Bridged-T filter 
Fig. 2. Equivalent T network of L, C and C 
Fig. 3. Filter for aerial circuit of vision- 
only receiver 
Cc Fig. 4 (below), Filter placed at point of 
R separation of sound and vision amplifiers 








C and C forming a delta. If this is 
transferred into the equivalent tee, 


we get Fig. 2, Z3 being negative. | 
If a resistor of this value is put in | 


series with Z3 the shunt arm will 


become a short circuit at one fre- | fa | 


quency and no energy can flow 
through the filter. At other fre- 
quencies the value of Z3 changes 


and as R38 remains fixed, the sum nes. 


ene 


Bridged—T Filter 











VISION AMP 


E 


R3 





of R3 and Z3 is no longer zero, and 
the filter passes energy. 

If the dynamic impedance (Q¢L) 
of L.R CC. is Zo at the reject fre- 
quency, then the value of R3 must 


Equivalant T network of L,C andC in Fig) 





be Zo/4 for best rejection. 
Using standard components, an 
attenuation of >300:1 has _ been 
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Portable Electronic Photo-Flash 


(Illustrated above) 


—— photo-flash equipment 
operated by charging a capacitor to a 
high voltage and then discharging the 
stored energy through a Xenon-filled 
tube. The resultant visible flash is of 
high intensity, short duration, and is 
particularly suitable for photographic 
purposes. 

The capacitor discharge is effected 
from a pulse transformer, the low 
voltage primary of which is controlled 
by a set of contacts fitted to the camera 
shutter. Precise synchronisation of the 
flash to the camera shutter is thereby 
obtained. 

In the *‘ Courtenay Master ’’ the tube 
operates at a loading of 100 joules, a 
guaranteed minimum of 10,000 flashes 
being obtained at this loading. The 
light spectrum emitted is similar to noon 
daylight in quality and is quite suitable 
for colour film. Exposures on HP3 or 
Super XX at distances of 10 feet with 
apertures of f16 are normal with usual 
developing techniques. 

The ‘‘ Courtenay Master ’’ is of small 
size, low weight, robust build, contains 
a built-in accumulator charger, operates 
from both the internal accumulator or 
A.C. mains and, with its high light 
output, is in all ways suitable for portable 
or studio use. 

Clive Courtenay & Co., Ltd., 
5, Horsham Road, 

Dorking, 

Surrey. 
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Miniaturised Hermetically Sealed 
Transformers and Chokes 


(Illustrated bottom left) 


HE Ferranti range of miniature 

hermetically sealed mains trans- 
formers, audio transformers and chokes 
is specially suited for use in equipments 
in which full tropicalisation, miniaturisa- 
tion and reliability are important. 

Monel metal is used for housing the 
transformers in cans because of its anti- 
corrosive properties, which make it 
eminently suitable for extreme tropical 
conditions. The cans have ceramic 
bush-type terminals and are spray- 
painted black to give maximum heat 
dissipation. The transformers are 
designed to customers’ specific require- 
ments to operate at frequencies from 
400 to 2,800 cycles. 

Designed to conform to the require- 
ments of Inter-Service Specification 
R.C.S. 1000, the transformers are 
robustly constructed, and can withstand 
a shock test of 60g. 

The coils are paper interleaved and 
wound on moulded bobbins. The whole 
construction is light and compact, with 
coil and core unit rigidly clamped inside 
the can. All transformers are subjected 
to the sealing test specified in Inter- 
Service Specification R.C.S. 214 before 
they are filled with petroleum jelly or 
oil, and are sealed above their operating 
temperature to allow for the safe ex- 
pansion of the impregnant under 
operating conditions. 

An outstanding feature of the range is 
the large number of terminals that can 
be provided. Ceramic bush-type ter- 
minals are used, fitted into dimpled holes 
in the lid of the can and soldered in- 
ternally. A tapping panel can be 
mounted over the ceramic bushes to 
provide for the selection of individual 
tappings. Another feature is the 
assembly of a can with terminals emerg- 
ing at both ends. This not only makes 
provision for an increased number of 
terminals, but also makes it possible for 
a particular terminal to be located at 
the end most convenient for external 
connexion. In certain circumstances it 
is also possible to house two trans- 
formers in one can. 


Ferranti Ltd., 
Hollinwood, Lancs. 











The Panax Rate-of-Count G-M 
Monitor 
(Illustrated above) 
E hie Model 40A is a portable instru- 
ment designed for checking con- 


tamination and _ locating 
activity in laboratories using radio- 
active substances. It can also be used 
effectively for general assay work. 

A speaker gives audible indication of 
activity and a visual rate-meter gives 
ranges of 0-1,000; 0-10,000; and 
0-50,000 counts per minute. An alumi- 
nium window tube of 6 mgm. per cm?. 
is supplied in a carrier as standard, but 
mica window tubes can be fitted if 
required. 

The instrument operates on A.C. 
mains voltages and has a consumption 
of 50 watts. It is finished in a heat- 
ie plastic and weighs approx. 


sources of 


Panax Equipment, Ltd., 
347, London Road, 
Mitcham, Surrey. 
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Cold Pressure Welding 
(Illustrated below) 


Te cold’ pressure welding process, 
developed by the Research Labora- 
tories of The General Electric Co., Ltd., 
is now being used for the sealing of 
aluminium containers, in which the 
G.E.C. are sending electronic tubes 
overseas. It is possible that this applica- 
tion of the cold welding technique may be 
the forerunner of radical changes in 
packing methods for the products of 
many industries. 

The flanged container shown is formed 
from an aluminium slug by impact ex- 
trusion. Then, after the welding faces 
of the flange and the disk lid have been 
cleaned, they are welded in one quick 
operation by the well known method. 
The weld is airtight, and the container 
will protect the contents from changes in 
atmospheric pressure and humidity. 

The General Electric Co. Ltd., 
Magnet House, 

Kingsway, 

London, W.C.2. 





Farmer Electrometer Voltmeter 
(Illustrated below left) 


bg HE Baldwin-Farmer Electrometer 
Voltmeter has a high degree of 
robustness and stability of calibration— 
+§ per cent or —I0 per cent deviation 
from the nominal mains voltage will 
affect the zero and calibration by less 
than 0.2 per cent of full scale: in 
addition to its use as a very sensitive 
electrometer it is also calibrated for 
direct reading in volts, and has BS 89 
first-grade accuracy. The _ indicating 
instrument, being a pivoted moving-coil 
microammeter, is rapid in response. 
The circuit is such that the capacitance is 
very low—less than IpF. 

An electrometer-valve is used and the 
resulting insulation is approximately 107° 
ohms, the internal high-insulation points 
being sealed and a desiccated compart- 
ment ensuring freedom from leakage and 
variability of insulation due to atmos- 
pheric changes. Zero drift is less than 
0.5 per cent of full scale deflexion per 
hour, after five minutes warming up on 
50V range, or less on higher ranges. 

The instrument has a range of 0-50- 
100-500 volts, with insulation to with- 
stand up to 1,000 volts between X 
terminals and the earthed panel or mains 
earth. 

As an amplifier the electrometer 
voltmeter provides sufficient output to 
operate recorders, controllers or remote 
indicators, such as in a lecture theatre. 

Baldwin Instrument Co. Ltd., 
Dartford, Kent. 
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Television Projection System 


A new method of producing the com- 
ponents for an all-glass Schmidt 
optical projection system has cut manu- 
facturing costs considerably. A total 
projection distance of 36 inches is 
required to give a I5 in. by 12 in. 
picture ; if necessary this can be attained 
by the use of a surface aluminised mirror. 
When used to throw a picture on to an 
1.C.l. processed perspex plate, ample 
picture brilliance is produced by a 24 
inch diameter C.R.T. by virtue of the 
directional properties of the screen. 
The viewing area is limited by this 
special screen to within a 15 degree arc 
in the vertical plane, and a 90 degree arc 
in the horizontal plane. An important 
advantage of this screen is that it is not 
affected by room lighting to the same 
extent as a direct-viewing C.R.T. 


Imperial Chemical Industries Ltd., 
Black Fan Road, 
Welwyn Garden City, Herts. 
Optical Works, Ltd., 
32, The Mall, 
Ealing, W.5. 


Micropak Hearing Aid 


TT Bonochord Micropak is a new 
one-piece hearing aid housed in an 
engraved case of jewellers’ gold to give 
the appearance of a miniature cigarette 
or vanity case. Size is 34 in. by 24 in. by 
8 in., and total weight, with batteries, 
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is 5 ounces. The whole instrument fits 
into the palm of an average size hand. 

The microphone is completely con- 
cealed behind a decorative coronet 
motif, integral with the external case. 
There are three stages of amplification, 
with pentode output, crystal wide-range 
microphone, automatic volume limiting, 
and an ultra low drain circuit reducing 
the H.T. drain to 0.4 mA, and giving a 
serviceable life of approximately $50 
hours from the Ever-Ready BI2I I5V 
sub-miniature H.T. Low tension supply 
is by standard Ever Ready DI4 ‘‘ pen”’ 
cell giving 8 hours life, or by the Vidor 
Kalium U7 ‘‘pen”’ cell giving 30-35 
hours. Running costs average under 
one halfpenny per hour of use. 

Miniature insert receivers for . air 
conduction, either crystal or magnetic, 
are provided, and a bone conduction 
receiver can be used. Maximum air to 
air gain is 50 db. 

Effective frequency range is from 250 
to 5,000 cycles per second, and the 
response curve is reasonably flat through- 
out. All valves are plug in type, and the 
chassis can be changed in one minute by 
the removal of only two screws. 


Bonochord Limited, 
48, Wigmore Street, 
London, W.|1. 
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Six-way Plug 


ESSRS. Crater Products, Ltd., have 

produced a 6-way plug which is cover- 
ed by world patent. Although very little 
larger than the standard |5-amp. 3-pin 
plug, it contains, in the body, six complete 
different sets of pins to fit sockets ranging 
from 2-pin 2-amp. up to 3-pin 15-amp. 
The pins are threaded on their back ends 
and by manipulation of a six-position 
shutter different combinations drop 
out as required ; it is then only neces- 
sary to give each pin a twist until it is 
locked. 

To ensure that the different combina- 
tions can be utilised to the fullest extent, 
the smaller 2-pin types, i.e. 2-pin 2-amp. 
and 2-pin 5-amp. are arranged round the 
edge of the plug, so making it possible 
to insert it into sockets which are near 
to the floor. A cable grip is employed 
im the top cap and the whole plug is 
made in high shock resisting material. 

Crater Products, Ltd., 
The Lye, St. Johns, 
Woking, Surrey 
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by H. MOSS, Ph.D. 
Price 10s. 6d. 


This Monograph is based on a series of articles 
published in Electronic Engineering and con- 
tains the elementary theory of common types, 
with notes on their production. 

“This book has _ considerable general 
educational interest.’’—Electrical Review. 
‘“*The photographs of c.r.-tube traces are 
excellent and in both their quality and their 
number they form an outstanding feature of 
the book.’’—Wireless Engineer. 


Postage 6d. 
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by W. I. FLACK 

Price 4s. 6d. 
This booklet fully describes the design and 
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Kings Heath, Birmingham. 
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** As good as any of the most expensive sets 
on the market,’’—Reading. 
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Laboratory and Workshop 
Notes 


Compiled and edited by Ruth Lang. 
1949. Edward Arnold & Co. 272 pp. 
195 figs. Price 2ls. 


EADERS of the Journal of 

Scientific Instruments, and 
others concerned in the design or 
construction of laboratory appara- 
tus, will find these notes selected 
from the Journal interesting, 
ingenious and_ stimulating. Dr. 
Lang has chosen 181 short articles 
which have appeared in the Journal 
between 1925 and 1948 (under the 
title heading), and has classified 
them in eight sections; workshop 
tools and devices; clamps, supports 
and agitators; soldering, brazing 
and welding; glass manipulation and 
silvering; vacuum and __ pressure 
technique; electrical and magnetic 
devices; optical techniques, and 
devices for liquids and gases. 


The nearest approach to elec- 
tronics is made by an author who 
points out that a capacitor in series 
with the a.c. mains is the cheapest 
and simplest method of providing 
magnetic relays. However, this 
book should certainly contribute to 
the improvement of _ technical 
methods in all laboratories which 
have not committed themselves 
exclusively to electronic techniques 
as a solution to every problem. 

There is little to criticise in the 
selection. The articles are nearly 
all of the high standard expected 
of the Journal of Scientific Instru- 
ments: and it is only rarely that 
the editor has allowed duplication 
to occur. There is a good index; 
and the reminiscences of Sir Charles 
Boys make amusing, as well as 
interesting, reading. The book 
perhaps suffers a little from its 
miscellaneous nature, but it suffers 
more from its price, Since the whole 
of the subject matter has been freely 
available to the publishers, the 
price seems rather high; and it is 
to be hoped that the further 
selection which is to be made from 
the Journal’s Notes will be published 
at a price more within the range 
of the amateur engineer, to whom 
this type of book has a considerable 
appeal. 

C. J. Dickinson. 


Wireless Simply Explained 


By R. W. Hallows. 255 pp. III figs. 
Ist Edition, 1949. Chapman & Hall. 
Price 10s. 6d. 


HE aim of this book is to bridge 
‘the gulf between the book of 
the ‘ wireless without tears’ kind 
and the large textbook.’’ Accord- 
ing to the author, little has been 
done to provide such a _ bridge; 
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however, little appears here which 
cannot be found in many other 
admirable books. ‘‘ Wireless Simply 
Explained ”’ can only be regarded as 


another elementary textbook, 
designed to appeal to the complete 
beginner. 


Starting from the assumption that 
the reader knows nothing of ‘‘ Wire- 
less,’ the author leads him from 
Ohm’s Law applied first to p.c. and 
then to A.c. circuits, through discus- 
sions on series and parallel reson- 
ance, the valve as a_ detector, 
amplifier, and oscillator, to the 
complete superheterodyne, A wel- 
come chapter headed ‘‘ Things to 
Come ”’ briefly outlines some types 
of modulation other than amplitude 
modulation. Finally, four appen- 
dices deal with ‘‘ Power Factor,’’ 
‘* A Mathematical Shorthand ” (an 
explanation of the laws of indices), 
** Power Factor and Tuned Circuits ”’ 
and ‘‘ The New Letter Symbols for 
Valves.”’ 

Inevitably the weakest chapters of 
this book are the introductory ones, 
where the author is concerned with 
the very rudiments of electrical 
knowledge. Once the difficulty of 
explaining what conductors or insu- 
lators or other fundamental concepts 
are, is passed, the book proceeds in 
a brisk though rather ‘ chatty ”’ 
way. Some of the methods are un- 
orthodox (e.g., discussing the com- 
plete superheterodyne receiver before 
discussing various amplifier circuits), 
and the diagram representing fre- 
quency changing as amplitude 
modulation at the intermediate 
frequency of the oscillator by the 
signal will undoubtedly cause many 
unnecessary difficulties. 

The binding and the printing are, 
as with all the publications from this 
house, excellent, though two minor 
mistakes (pages 73 and 184) seem to 
have escaped the proof reader. As 
a textbook for an introductory class 
where the lecturer can fill in the 
gaps, this book should be valuable, 
but for serious individual study its 
wide scope has rendered the general 
treatment superficial. 


K. G, Lockyer. 


Microwaves and Radar 
Electronics 


By E. C. Pollard and J. M. Sturtevant. 
426 pp. Chapman & Hall, 1948. Price 
30s. 


PHYSICAL research laboratory 
has, in the years since the war, 
changed profoundly in the nature 












Qo et ts TO 


*k 


_ 
_—=_ 


n 





750 


for 


3 of 
1es, 
ith 
ical 

of 
su- 
pts 
; in 


un- 
ym- 
ore 
ts), 
fre- 
ude 
ate 
the 
ny 


ire, 
chis 
nor 
| to 


ass 
the 
dle, 

its 
ral 


int. 
ice 


ory 
ar, 
ure 








April, 1950 





REVIEWS 


and complexity of the apparatus 
which it makes and uses. Much of 
the equipment and many of the 
techniques are those developed for 
radar purposes. To give an intro- 
duction to developments in the 
radar field for those whose interests 
lie in their applications to physics, 
chemistry and other sciences is the 
primary aim of this book. 


The range covered is wide, as a 
list of the chapters will show. These 
are: Electromagnetic Fields and 
Microwaves, Coaxial Lines Wave- 
guides and Cavities, Production of 
Microwaves, Microwave Technique, 
Pulse Circuits, Cathode Ray Tube 
Indicators, Tuned Amplifiers, Ampli- 
fication of Very Weak Signals, 
Servomechanisms and Computors, 
Miscellaneous Circuits, Radar and 
its Accessories, Microwave Com- 
munications, Microwaves in Physi- 
cal Research. 


In a field so wide, the choice of 
material is difficult, but the authors 
have succeeded admirably in selec- 
ting representative topics and in 
describing principles and _ salient 
features without extraneous detail. 
The reader is assumed to have a 
reasonable knowledge of valves and 
circuits, and sufficient mathematics 
to understand the elements of 
electromagnetic theory. 


The book, although it has a title 
suggesting a content similar to a 
number of recent books, differs con- 
siderably in its treatment. It does 
not attempt to be a logical exposi- 
tion of radar or microwave elec- 
tronics for the engineering student, 
but rather to be a guide to those 
who have to use microwave appara- 
tus and require sufficient background 
to give them an intelligent under- 
standing of it. The inclusion of a 
paragraph describing the pedestrian 
task of ‘‘ getting a_ klystron to 
oscillate at the right frequency ”’ 
is a good example of the authors’ 
appreciation of their task, although 
this must not be taken to indicate 
the general level of the treatment. 


There are sections, however, which 
seem superfluous, for example, 
listed details of a number of pro- 
duction radar equipments, On the 
other hand one wishes that more 
space could have been given to 
matters important in physical appli- 
cations, such as the accuracy of 
power measurement, measurement 
of receiver sensitivity, and the effect 
of dielectrics in waveguides and 
cavities. The scope also is narrowed 
by being largely confined to the 
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techniques used at the Radiation 
Laboratory, cae - SROs 1G (4s 
natural but unfortunate that about 
half the references are to Radiation 
Laboratory reports, which will be 
inaccessible to most readers in this 
country. The last chapter is a good 
introduction to the physical uses of 
microwaves, and_ includes’ the 
elements of microwave _ spectro- 
scopy, radiation measurements and 
cavity accelerators (strangely 
enough without any mention of 
loaded waveguide types). 

The errors noted were trivial, 
except perhaps on p. 91 where the 
constant 2.405 in equation (4.1) is 
that appropriate to the TMs mode, 
not to the TE: mode as stated. 


The book is attractively produced, 
with wide margins and good illustra- 
tions, Altogether it is a useful book, 
easy to read, and is sufficiently 
complete also to provide a good 
introduction for the engineering 
student. 


H. R. L. Lamont. 


Aerials for Metre and 
Decimetre Wavelengths 


By R. A. Smith. 218 pp. 125 figs. 
1949. Cambridge University Press. 
Price 18s. net. 


HE appearance of this volume in 

the Modern Radio Technique 
series will be welcomed by all those 
who have been waiting for a con- 
nected account of the war-time 
developments in short-wave aerial 
technique. The present volume 
deals only with aerials of a more 
or less conventional type, leaving 
the developments of the centimetre 
wave-band, and in particular the 
use of wave-guides and horns, to 
another volume of the series. It 
does, however, include a treatment 
of slot aerials (as alternatives to 
dipoles), and refers to one case where 
a paraboloid is used to produce a 
narrow beam of radiation. The 
bulk of the book refers to aerials for 
wave-lengths of more than one 
metre; in spite of the inclusion of 
the word ‘‘ decimetre ’’ in the title, 
only eight pages refer specifically to 
aerials for wavelengths between 10 
and 100 cm., although of course 
much of the other material is 
applicable within this frequency 
range. 


While the book is primarily a 
practical treatise, over one-third of 
its pages is devoted to the theory 
of dipole radiators and assemblies 
thereof, including the use of reflec- 
tors and “ directors.”” However, 
the theory is not unduly difficult, 
and can be read with profit by most 
practical workers in the field. The 
remainder of the book describes 
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applications in some detail. One 
might make the criticism that these 
are very largely drawn from the 
work of one war-time establish- 
ment; nevertheless, as a selection of 
illustrations of the various types of 
aerial they are admirable. 
Generally a knowledge of pre-war 
short-wave techniques is assumed, 
and the problems of the transmis- 
sion lines associated with aerials are 
much less fully treated than is the 
theory of the radiators themselves. 
Had the emphasis been rather more 
on shorter wavelengths, this sub- 
ject might perhaps have deserved a 
fuller treatment, since the depar- 
tures from prewar practice naturally 
increase when the wavelength 
becomes shorter. The problems of 
switching on the feeders of multi- 
element directive arrays is also 
treated rather briefly. We note also 
that the author describes aerial 
impedance in terms of separate 
graphs of the resistive and reactive 
components against _ frequency, 
whereas at shorter wavelengths it is 
becoming increasingly common to 
plot a curve showing the fre- 
quency variation on the complex 
impedance plane; or on a circle 
diagram chart. 

In spite of these criticisms, the 
book is most valuable, and should 
be widely read. It appears 
singularly free from major errors, 
although a few minor blemishes 
have been noticed, such as_ the 
failure to state whether front-to- 
back ratios are quoted as _ field- 
strength or power ratios, and the 
substitution of ‘“ vertical’? for 
** horizontal ”’ at the foot of p. 199. 
The fact that the curve of Fig. 98 
crosses the axis also excites 
curiosity, but is not explained. The 
publishers, too, have done their 
work well and produced an attrac- 
tive volume; one could only wish 
that it could have appeared sooner, 
for a delay of 2} years from the 
date of the preface to that of 
publication appears somewhat pro- 


tracted. 
C. H. Westcorr. 


Basic Electrical’ Principles 


By M. G. Suffern. 430 pp. 275 figs. 
1949. McGraw-Hill, Ltd. Price 19s. 6d. 


oe American textbook “ is 
designed to give electrical trades 
students training in the _ funda- 
mentals on a vocational education 
level.’’ 

The introductory chapter deals 
with the electron theory and electro- 
statics. This is followed by a 
chapter on batteries, then one on 
the electric circuit and the applica- 
tions of Ohm’s Law. The next four 
chapters are on electromagnetism. 
alternating currents, inductance, and 
capacitance. Then, the effects of 


inductance and capacitance, the 
generator, the electric 


electric 
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BOOK REVIEWS (Continued) 


motor, rectification of alternating 
current, and the electric meter are 
considered. 


The simplification in presentation 
leads to some overstatements, as 
‘** All a.c. meters will operate on 
direct current as well as alternating 
current ’’ (p. 875). The omission of 
vector representation throughout the 
book places a limitation on the 
treatment of any given topic. In 
spite of this, however, the author 
deals with a variety of electrical 
plant. Thus the chapter on ‘ the 
electric generator’ mentions single 
and polyphase alternators in addi- 
tion to all the common types of 
p.c. generator. The chapter on the 
electric motor deals with D.c. motors, 
the rotary ‘‘ convertor,’ the dyna- 
motor, as well as induction, synchro- 
nous, and repulsion types. 


The book on the whole is well 
written though some errors are 
apparent. Thus on p, 168 “. 
since the self, inductance is initially 
very high ”’ gives the impression that 
self inductance is a variable quan- 
tity. The variation in effective 
inductance due to an iron core may 
be intended but this is not clear. 
The caption to Fig. 138b implies an 
exception to Newton’s First Law of 
Motion. (This particular exception 
used to be applied to Irish pigs.) 
Fig. 188b shows a boy running 
downhill with a snowball and the 
caption reads ‘‘ As the inertia is 
overcome by some force, the object 
tends to move in a direction opposite 
tu the direction of the applied 
force.’’ If anyone is concerned about 
the number of electrons in a 
coulomb, p. 193 gives the figure of 
six hundred and twenty-eight 
million million in place of the usual 
6.28 by 10". 

The book contains a large number 
of diagrams and _ illustrations, a 
useful feature of which is that the 
corresponding symbols and circuit 
diagrams are also shown. 


As I am sure the author would 
agree, the book is suitable only for 
elementary students who need to 
have simple ideas about a wide range 
of electrical equipment. 


Wiiiiam Fraser. 


Magnetic Recording 


By S. J. Begun. 242 pp. 146 figs. 
1949. Murray Hill Books Inc., New 
York, U.S.A. Price 5 dollars. 


R. S. J. BEGUN, vice president 
and chief engineer of the Brush 
Development Company, is_ well- 





known for his early work on mag- 
netic recording, particularly with 
the wire medium, and this new 
volume is the first comprehensive 
survey of the field to be published in 
book form. 


The first chapter deals with the 
historical aspects of magnetic record- 
ing, concluding with a useful list of 
references and Patent specifications. 
Chapters 3 and 4 are devoted to 
fundamentals of magnetism and the 
theory of magnetic recording, and 
the author is to be congratulated on 
his lucid explanations of the com- 
plexities of magnetic phenomena. 
The difficult topic of alternating- 
current biasing is admirably treated. 
The various magnetic recording 
media from the original carbon steel 
wire to the latest powder-coated 
tapes and other components of the 
magnetic recording system are dis- 
cussed in Chapter 5. 


Twenty-six types of commercial 
magnetic tape, wire and. disk 
recorders are described and _illus- 
trated in Chapter 6, accompanied 
by a number of circuit diagrams and 
excellent line-drawings showing the 
operation of the various drive 
mechanisms for recording, playback 
and rewind. Chapter 7 touches on a 
number of uses of magnetic record- 
ing, ranging from time delay and 
artificial reverberation to applica- 
tions as “‘ memories ”’ in electrical 
computing devices and in_ the 
motion picture industry. 


The penultimate chapter is a 
valuable study of instruments and 
equipment, e.g., automatic B-H 
curve tracers, coercive-force meters, 
loop testers, necessary to evaluate 
the performance of magnetic record 
materials and systems. The book 
concludes with some prophetic views 
on the possible supercession of the 
disk gramophone by magnetic 
methods. Each chapter ends with 
a helpful bibliography. A glossary 
and index are included. 


Bearing in mind that this book 
was written in 1948, it is perhaps 
churlish to criticise the omission of 
references or descriptions of British 
magnetic recording equipment, such 
as the E.M.I. and Gaumont-Kalee, 
and only minor printing errors have 
been detected, e.g., p.183 Pugsley is 
misspelt and on pp. 89 and 91 the 
running chapter heads are incorrect. 
This readable, substantially non- 
mathematical text can be thoroughly 
recommended as a basic reference 
work, 


Donato W. A.povus. 
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The Copenhagen Plan 
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In accordance with the Copenhagen Wavelength Plan the B.B.C. changed the wavelengths of nearly all 
its programmes on March 15. 
The re-arrangement of broadcasting frequencies within the “ European Zone 
better reception in Europe generally after the confusion due to deviations from the Lucerne Plan, which 


was implemented in 1934. 


93 


should help to establish 


There were 26 countries which signed the Plan, but to a certain extent the 


success of the Plan will depend on the eight non-signatories. The Plan does not immediately benefit this 
country, but European broadcasting would have drifted into a state of chaos without it. 


The alterations, which make up one of the largest cugineering projects that the B.B.C. 
since 1939, will cost between £200,000 and £300,000. More than haif of this sum, 
at Daventry for the Third Programme. 


of building a new high power transmitter 


has tackled 
however, is the cost 


Most of the B.B.C. 


medium wave stations are substantially increasing their power. 








ee Plan 
Frequency | Approxi- 
kilocycles mate wave- 
per length 
metres 


Station Programme 





Light Programme 





-—continued 


| second 











| Copenhagen Plan 
jconemies | Approxi- 
Station Programme kilocycles | mate wave- 
per | length 
second | metres 
Home Service | | 
Moorside Edge | North of England Home 692 | 434 
Service 
Burghead | | 
Redmoss | Scottish Home Service 809 | 371 
Westerglen 
Penmon 
Washford Welsh Home Service | 881 H 341 
Wrexham | 
| 
Brookmans Park | London Home Service | 908 | 330 
Start Point | West of England Home 1,052 | 285 
Service | 
Droitwich | Midland Home Service | 1,086 | 276 
Norwich | | | 
Lisnagarvey | Northern Ireland and | 
Londonderry North of England Home | 1,151 | 261 
Stagshaw Service 
j | 
Bartley West of England Home | 
Clevedon Service | 1,457 | 206 
Light Programme | | 
Droitwich | Light Programme 200 1,500 
Brookmans ) | 
Park | | 
Burghead \ | Light Programme 1,214 274 
Lisnagarvey | | 
Londonderry | 








Moorside ) 
Edge 

Plymouth 

Redmoss | 

Redruth 

Newcastle 

Westerglen 


| 
| 
J 
Third Programme 
Daventry | | 
| 
J 
‘5 


Light Programme \ 1,214 247 


Edinburgh 
Glasgow 
Newcastle 
Redmoss 


Third Programme 647 | 464 


| 
Belfast 
Bournemouth | | 
Brighton | 
Cardiff 
Dundee | 
Exeter 
Fareham 
Hull 
Leeds \ 
Liverpool 
Manchester 
Middles- 
brough 
(Stockton) 
Plymouth 
Preston | 
Redruth | 
Sheffield yf 


Third Programme 1,546 194 

















ORANGE SORTING BY X-RAYS 


(Abstracted from the February, 1950 issue of Electronics) 


HEN an orange is frost-bitten, certain physical 

and chemical changes occur inside the orange 
which decrease its value to the consumer. A fully 
automatic X-ray inspection system has recently 
been developed which checks the internal condition 
of each orange and routes it into one of six classi- 
fications, depending on internal condition, at a rate 
of 10 a second. 


the capacity of previous equipments of this nature. 
Juice cells in frost-bitten oranges break down, 
allowing the juice to collect in the fruit’s centre. The 
juice is then reabsorbed by the tree, leaving a light, 
juiceless fruit. 
equipment has two sets of X-ray-sensitive 
cells. 


One views individual oranges as they pass 





The new equipment has three times’ 


down two rows of endless belts. The amount of 
X-radiation each orange passes is recorded elec- 
tronically in a matter of 1/100 second. Another 
radiation current is simultaneously recorded as an 
X-ray tube transmits through a _ predetermined 
standard, which is equivalent to the X-ray capacity 
of an average-size normal orange. These two signals 
are compared, and their difference is used to actuate 
the classification switches. The classifications are 
stored in a memory system which initiates a trip- 
ping mechanism that catapults the orange into the 
proper chute. The equipment, which was developed 


by H. D. Roop of the Automatic X-ray Corp. of 
Los Angeles, is designed to compensate for outsize 
oranges. 
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LETTERS TO THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Television Planning 


Dear Srr,—On seeing a map of 
the proposed B.B.C. Television 
Chain, I could not resist com- 
paring it with a forecast which I 
was concerned in preparing in 
1943. (Published in ELectronic 
ENGINEERING, Vol. 16. No. 191, 
January, 1944.) The comparison 
in tabular form is given below. 

In 1943 I under-estimated the 
possibilities of high masts (e.g., 
Sutton Coldfield aerials 1,300 ft. 
above sea level) and the Sutton 
Coldfield Statien is a better pro- 
position for the Midlands proper 
than my two stations at (a) and 
(b). 

I hope the same will be true of 
the replacement of my separate 
Yorkshire and Lancashire stations 
(c) and (d) by Holme Moss. I 
have not checked the profiles, 
but with 1943 ideas of mast height 
I did not think a station on the 
Pennine plateau could serve both 
Sheffield and Manchester, which 
are fairly well “‘under’’ the high 
ground at the southern end of 
the Pennines (ground which is 
mostly higher than Holme Moss). 

We are fairly well agreed on 
South Coast (Southampton), New- 
castle, Belfast and Edinburgh- 
Glasgow. But why a station at 
Aberdeen? Is this government 
policy to tempt workers out of 
overcrowded Glasgow into the 
under-populated Highlands, or a 
tribute to the strength of Scot- 
tish Nationalism? On the other 
hand, must East Anglia always 
be the Cinderella of British radio 
services? For years we have 





heard of East Anglians_ being 
compelled to rely on the Con- 
tinent for most of their medium- 
wave broadcasting: will they 
now rely on Paris and perhaps a 
future Brussels and Amsterdam 
for television? 

In contrast with Scotland, the 
Welsh Nationalists fare badly in 
the B.B.C. plan. I gave South 
Wales its own transmitter on the 
technical grounds that I doubted 
whether the population in the 
valleys behind Swansea (e.g., 
Merthyr Tydfil) could be given 
a service from a transmitter on 
the far side of the Bristol 
Channel, but it also provided a 
viewing-point for Welsh culture. 
Even if the field-strength is 
sufficient, what will the Welsh 
say to being given all-English 
programmes from London studio 
via Somerset transmitter? 

I hope, therefore, that the 
Television Advisory Committee 
will consider the potential con- 
sumers’ probable views before a 
purely technical plan is put into 
effect. (Were low-power tele- 
vision stations put at Aberdeen 
and Plymouth but not East 
Anglia because those are the 
places where the B.B.C. now has 
medium-wave transmitters?) If 
we cannot afford permanent 
studios at all transmitters can- 
not the B.B.C. have a mobile 
studio—a sort of out-size O.B. 
unit with a certain amount of 
studio space—to be sent on tour 
so that we could have in turn a 
** Scottish month,’ ‘* Midlands 
month,”’ etc.? Television must 








1943 Forecast 





4 ‘ Midlands ’ stations: 
(a) Birmingham 
(for S.W. Midlands) 
(b) Melton Mowbray 
(for Leicester, Nottingham) 
(c) Huddersfield 
(for Yorkshire) 
(d) Macclesfield 
(for Lancashire and Cheshire) 
N.E. Station near Durham 
1 Scottish Station: 
10 m. W. of Falkirk 


Belfast 

Isle of Wight 

2 S.W. Stations: 
(a) Bristol 
(b) Swansea 





East Anglia 


Existing London Station, Alexandra Palace” 


1949 B. B. c. Plan 


2 ‘ Midlands ’ stations: 
(a) Sutton Coldfield 
(for all Midlands S. of Pennines) 
(b) Holme Moss 
(for both Yorkshire and Lancashire) 


N.E. Station near Newcastle 
2 Scottish Stations: 
(a) 10m. S. of Falkirk 
(b) Aberdeen 
Belfast 
Southampton 
2 S.W. Stations: 
(a) Bridgwater (?) 
(for Somerset and Bristol Channel) 
(b) Plymouth 








not be a ‘‘London steam-roller,”’ 
one more avalanche to bury the 
remains of regional culture and 


activities. 
>, A. Ber, 


Birmingham 17. 


The Design of R-C Oscillator Phase 
Shifting ge gp 


Dear Sir,—Mr. W. R. Hinton 
in his article ‘‘ The ae of R-C 
Oscillator Phase Shifting Net- 
works ” states that ‘there is 
little to choose between R-C and 
C-R sections from the point of 
view of harmonic distortion ”’ and 
that ‘‘ the use of more than three 
sections is seldom justified.” 

In my experience, the shunt C 
network inherently gives far less 
distortion than the shunt R 
equivalent. 


A network consisting of three 
or four shunt C cells in tandem is 
a form of low pass filter, and con- 
versely, the shunt R counterpart 
is a form of high pass filter. If 
the same input, fundamental plus 
harmonic, is applied to each, then 
quite obvrously the output from 
the shunt C network will be much 
purer than that from the shunt 
R network. The shunt C network 
output will have less percentage 
harmonic than the input signal, 
whereas the output from the 
shunt R network will actually 
have greater percentage harmonic 
content than is present in the 
original input. 

In a practical R-C oscillator 
circuit, if output is taken from 
the output of the network, and it 
is arranged that the non-linear 
element limiting oscillatory ampli- 
tude results in distortion in the 
signal applied to the input of the 
network, then it is obvious from 
the above that the shunt C 
version will be far superior to 
the shunt R counterpart. In a 
shunt C oscillator developed by 
the writer several years ago, the 
harmonic content was —55 db on 
the fundamental, although the 
amplifier gain was sufficiently in 
excess of the network attenuation 
to permit of level constancy 
within + 0.2 db over a wide fre- 
quency range. This harmonic 
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performance, with the same 
degree of over-driving, could not 
have been approached by the 
shunt R version. 


Although the superiority of the 
shunt C network is dependent 
upon taking output from its out- 
put terminals, and arranging that 
the non-linear parameter limiting 
oscillatory amplitude does not 
debase the output waveform, 
nevertheless these requisite con- 
ditions are so obvious that it is 
surprising that the low harmonic 
potential of the shunt C network 
has not been more widely appre- 
ciated. 

With regard to the number of 
cells it is not difficult to show 
that four cells offer a distinct 
advantage in performance over 
three cells. 


The transmission loss through 
the network is less for the fre- 
quency shifted in phase by 180°. 
This has two beneficial effects, 
first more negative feedback and / 
or reduction of amplitude phase 
shift at high frequencies can be 
achieved, and secondly, for given 
distortion, a larger voltage ampli- 
tude is available from the net- 
work output. 


There is also a_ further 
consideration. The frequency 
stability of an R-C oscillator of 
this type is directly related to the 
rate of change of phase and ampli- 
tude of the network output fre- 
quencies immediately adjacent to 
the frequency undergoing 180° 
phase shift. In the case of a single 
cell, the greatest d?/df occurs at 
the frequency for which the phase 
shift is 45° and R= xX. _ This 
condition also corresponds very 
nearly to the greatest deo | df. 
Therefore greatest “‘ effective 
Q’’, if this term can be mis- 
employed, would result from a 
network of four cells each shifting 
the phase by 45°, as apart from 
the slightly greater rate of change 
of phase per cell, the extra fourth 
cell gives additional phase selec- 
tivity. In practice, the shunting 
of all but the last cell prevents 
the realisation of this ideal con- 
dition in a network of equally 
proportioned cells, but the four 
cell arrangement is a_ nearer 
approximation than the _ three 
cell, and can be expected to have 
better frequency stability, other 
factors being equal. 


Another factor peculiar to the 
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shunt C network is that each R 
value for a given frequency is 
less with the four cell than with 
the three cell. As these values 
are already too high for good 
stability at low frequencies, this 
reduction is all to the good. 


The circuits shown in Figs. 3 
and 4, which I presume are for 
variable frequency application, 
do not appear to provide for con- 
stant network attenuation with 
change of frequency, and if this 
interpretation is correct, would 
appear to have limited practical 
application. 

Finally, I remain to be con- 
vinced that the mathematical 
means offered by Mr. Hinton are 
so badly needed as would appear 
from the preface to his article. 
Personally, I have found that to 
change three or four resistors 
initially fitted and producing a 
frequency differing from that 
required by a measured amount 
for the then easily evaluated 
correct values has much to recom- 
mend it from the point of view 
of time, accuracy and mental 
effort. If, however, one is in the 
mood for mental stimulus and 
cares to assign phase shift re- 
quirements per cell, ordinary 
A.c. methods of successive con- 
versions from admittance ta 
impedance applied from the end 
cell back to the input can yield 
a similar result the hard way. 


Yours faithfully, 
T. S. Dutton. 
Quebec, Canada. 


The author replies: 


Mr. Dutton is probably right 
to draw attention to statements 


made without adequate explana- 


tion, but it is a pity he did not 
guote me in full as I did offer a 
clue to my mental attitude by 
saying, ‘‘ There is little to choose 
between R-C and C-R sections 
from the point of view of har- 
monic distortion as the necessary 
purity of waveform can_ be 
obtained with either kind of 
oscillator by careful design.’ 
Likewise, in saying that, ‘‘ 

the use of more than three sec- 
tions is seldom justified,”? I in- 
tended to convey the idea that 
the advantages of four sections 
are quite often almost balanced 
by disadvantages, and to obtain 
an outstanding improvement over 
a well designed three-section 
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oscillator it is advisable to con- 
sider an alternative technique, 
such as one described by F. G. 
Clifford in ELEctrRonic ENGINEER- 
ING, June 1945, p. 560, which 
seems to offer distinct advantages 
in ease of amplitude control, 


Before going on to deal with 
specific points in Mr. Dutton’s 
letter, it may be as well to clarify 
what I mean by good design prac- 
tice. First I should say the 
Engineer should design to fulfil a 
a definite requirement with due 
regard to cost, weight, size and 
simplicity. Secondly, techniques 
and circuits which are capable of 
precise design should be chesen so 
as to reduce experimental work 
to an absolute minimum. (Here 
we are talking about design and 
not development.) 


For example, if purity of wave- 
form and stability were important 
it would be good design practice 
to employ some thermal lamp- 
device to keep the amplitude a 
within the linear characteristic 
of a class “‘ A ’”’ driving amplifier. 
In this case it would not matter 
much whether the phase shifting 
networks were C-R or R-C except 
that the former eliminates the 
need for a blocking capacitor and 
grid leak and this economy might 
justify the choice of a C-R system. 
On the other hand, it might be 
easier to use an R-C system where 
variable capacitors are used to 
vary the frequency, but the real 
point is that the designer is free 
to choose from considerations 
other than harmonic distortion. 

(A disadvantage of R-C net- 
works is that the finite termina- 
ting impedance introduced by the 
blocking capacitor and grid leak 
invalidates the design equations, 
and a choice has to be made be- 
tween Matrix Algebra and a 
soldering iron, but a C-R network 
oscillator can be designed very 
precisely). 


In contrast to the above 
approach the use of an overdriv- 
ing technique does not appeal to 
me if purity of waveform is im- 
portant, as the designer is then 
limited in his chvice by having 
to eliminate harmonics he need 
not have introduced. 


“Now to deal with the question 
of three versus four sections. 
First it is necessary to correct an 
unfortunate mistake in Mr. 
Dutton’s letter and point out that 
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the greatest rate of change of 
phase angle with frequency, in a 
single C-R or R-C section occurs 
at zero frequency; that is where 
the capacitive reactance is large 
compared with the resistance and 
not when ‘‘ R = X.”’ This alters 
the argument as it means that the 
optimum number of sections is 
not approximately four. Fig, 1 
shows the phase-frequency curves 
of three, four, and five section 
networks near the frequency for 
180° phase shift; it will be 
seen that the slope of a four sec- 
tion network is only about 27 per 
cent steeper than that of a three 
section network, and this theore- 
tical improvement must be con- 
sidered in relation to the increase 
in impedance of the shunt ele- 
ments with which it is generally 
accompanied. This is important 
because my personal experience 
has been that one cause of fre- 
quency drift is the change in 
grid/cathode capacitance of the 
valve terminating the network. 

My view is that if any uneasi- 
ness about stability exists, one is 
usually concerned to improve it by 
a factor of at least five times, and 
analysis confirms my experience 
that the improvement due to four 
sections is not outstanding and is 
seldom justified. 


A Zero-Beat Indicator 


Dear Str,—The article describ- 
ing “‘ A Zero Beat Indicator ”’ by 
Mr. K. Goldsmith which you pub- 
lished in your December issue 
warrants some further elucida- 
tion. 


In the first instance I am very 
surprised to learn that cathode- 
ray tubes are widely used in in- 
dustry as detectors of frequency 
balance in frequency measuring 
apparatus, for they are insensi- 
tive, cumbersome, require copious 
ancillary equipment, and it is 
usually quite difficult to interpret 
their indications. It is also in- 
teresting to hear of a mixer, the 
output of which is simply the 
difference of the two input fre- 
quencies. 

If an amplifier is to be intro- 
duced between the mixer and the 
frequency meter, and it is not to 
affect materially the operation of 
the frequency meter, then it must 
be directly coupled, but this in- 
strument is described as an R-C 
coupled amplifier (having a time 
constant of 0.01 sec. and a trans- 
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former coupled output) and I fail 
to see how any amount of positive 
feedback can achieve the required 
result. 


The claim that the device 
behaves like a super-regenerative 
circuit would appear to be ques- 
tionable, as it is stated that the 
output carries the input signal as 
modulation; this does not agree 
with the usual theory of super- 
regenerative circuts, It is claimed, 
too, that the circuit will detect 
the direction of the frequency 
deviation from zero, but I cannot 
see anything in the circuit by 
which this might be achieved. 


If a relay were substituted for 
the meter it would be quite use- 
less for remote indication as there 
are frequencies above and below 
the zero beat where it would 
operate as well as at the zero 
beat. 

Yours faithfully, 
J. E. James. 


Crosskeys, Mon. 


The author replies : 

I do not think that cathode- 
ray tubes are insensitive for the 
comparison of frequencies, and 
that their associated equipment is 
so copious as to render them use- 
less in industry. 


** Beat frequency ”’ is normally 


defined as the difference between 
two frequencies, (e.g., Terman, 
Radio Engineers Handbook, p. 
507). When discussing ‘‘ beat fre- 
quency,”’ therefore, 1 do not see 
any point in enlarging on any 
other frequencies which are 
obtained from a mixer. The word 
‘* simply ’’, implying ‘“‘ only ”’, 
does not occur in the paper. 

The amplification of R-C 
coupled amplifiers is substantially 
linear between about 200 c/s. and 
10,000 c/s. The response of an 
R-C type frequency meter is 
usually negligible oh 200 c/s. 
No useful purpose is served, there- 
fore, by improving the amplifica- 
tion at frequencies below, say, 200 
c/s. by direct coupling. 

At very low output frequencies 
of the mixer, the self-oscillation of 
the amplifier is periodically 
quenched. We are thus dealing 
with an ‘ on-off’’ modulation, 
which, if its frequency is suffi- 
ciently low, can be detected on 
the output meter. I certainly do 
not agree that the output 
‘ carries ’’ the input signal modu- 
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lation, and I cannot find in the 
paper the word “carry ”’ sug- 
gesting amplitude modulation of 
the output frequency. 

The frequency meter permits 
only detection of whether the 
mixer output approaches or 
recedes from zero frequency. It 
cannot act as a discriminator, 
i.e., it does not show whether 
ji-f. is positive or negative. 

It is clear that the device is of 
use primarily where it is essential 
to find the actual ‘‘ zero beat.” 
A simple relay used for remote 
indication would, of course, 
operate if the mixer output fre- 
quency coincides with the fre- 
quency of self-oscillation of the 
amplifier, and also at the ‘‘ zero 
beat *’ of the oscillator harmonics. 
These difficulties donot normally 
arise if the device is used, say, 
for ‘‘ null” indication in dielec- 
tric measurements. Special pre- 
cautions may, however, have to 
be taken in some special cases. 


The Design and Limitation of D.C 
Amplifiers 


Dear S1r,—In the recent article 
on D.C. amplifiers by E. J. Harris 
and P. O. Bishop (ELectrRonic 
ENGINEERING, October 1949), an 
underestimation of the effect of 
H.T. variation seems to have 
been made. 

The authors neglected the out- 
of-phase voltage which appears 
at the anodes of the first stage 
when H.T. is changed. However, 
vigorous analysis shows that this 
source, so far from _ being 
negligible, makes much _ the 
longest contribution to the total 
output change. 

The approximate expression for 
the equivalent signal input e, 
which produces the same out-of- 


phase output as an H.T. change 
ne 
e= (1/4 —1/)E . 
Substituting the following 


values: the difference between /1 
and #2 = 20 per cent, their mean 
value = 20, and E = 1 volt, we 
obtain : 

e = 10 mV. 

This is about 700 times larger 
than the value calculated by 
Messrs. Harris and Bishop, and 
as a matter of fact is of the right 
order compared with values 
measured in practice, 

Yours faithfully, 
A. T. FuLier. 


Hitchin, Herts. 
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NOTES 


National Radio Exhibition 


The National Radio Exhibition, 
which is to be held at Castle 
Bromwich, Birmingham, from Sep- 
tember 6 to 16 next, will be at Earls 
Court, London, in September 1951, 
1952 and 1953. 


The Radio Industry Council 
announced that an earlier decision 
to hold the exhibition at Olympia, 
London, in June instead of in the 
autumn had been changed, but this 
change came too late to secure con- 
venient autumn dates and_ the 
necessary space at Olympia. 


In view of the facilities offered at 
Earls Court, it was decided to go 
there rather than hold the exhibition 
at Olympia at a less convenient 
time. 


The National Radio Exhibition 
before going to Olympia in 1926 was 
held at the Royal Albert Hall in 
1924 and 1925, the White City in 
1923 and the Horticultural Hall in 
1922. Sixteen National Radio Exhi- 
bitions have been held in all. The 
one coinciding with the Festival of 
Britain will be the 18th. 


Televising the Boat Race 


The University Boat Race on April 
1 will be televised on an even more 
ambitious scale than last year, and 
B.B.C. engineers and outside broad- 
cast staff are now working on 
arrangements employing practically 
the full mobile resources of the tele- 
vision service as well as many 
additional technical facilities pro- 
vided by specialist departments. 


This year there will be four mobile 
units in action along the river bank 
from Putney to Mortlake using 
eleven cameras in addition to a 
waterborne camera following the 
crews in the launch Consuta. The 
launch will carry its own sound 
transmitter to provide a special com- 
mentary for viewers. 


By spacing the cameras along the 
course it is believed that the Varsity 
crews could be kept in sight almost 
continuously from the shore-based 
cameras as well as from the camera 
in the launch. 


R.F. Heating 
We regret that on page 104 of the 
March issue of ELECTRONIC ENGINEER- 
ian a saat Total Power Input 
oe R.F. Power Output 


became inverted. It should have 
read 
R.F. Power Output 


Total Power Input 
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FROM THE INDUSTRY 


Most Northerly Broadcasting 
Station in Norway 


In 1983 the most northerly broad- 
caster in the world was installed in 
Vadso in the province of Finmark 
in Norway. This station, which was 
of 10 kW, was within the Arctic 
circle and furnished programmes to 
the northern half of Norway and 
Lapland. During the occupation of 
Norway the station was destroyed 
by the Germans. 

A new station has now been built 
and a 20 kW broadcaster was put 
into service recently to cover the 
same area, where about 45,000 people 
are scattered over 19,000 square 
miles. 

Both the original transmitter and 
the replacing transmitter were 
manufactured by Standard Tele- 
phones and Cables, Ltd., in England, 
and supplied through their associ- 
ate, Standard Telefon og Kabel- 
fabrik A/S, Oslo. 


United Nations Post 


Mr. H. B. Rantzen, head of 
Engineering Designs Department, 
B.B.C., has accepted an appoint- 
ment with the United Nations as 
Director of Telecommunications Ser- 
vices. Mr. Rantzen, after 20 years 
with the B.B.C., will leave at the 
end of March to take up his new 
duties in New York. 

Mr. Rantzen’s new post will give 
him great responsibility in many 
fields where electronics lend their 
important facilities to much of the 
work at the United Nations. The 
conference halls and committee 
rooms employ’ public address 
systems, ultra short-wave  trans- 
mitters and midget portable 
receivers for simultaneous interpre- 
tation in five languages. 


Changes of Address 


The head office of RCA Photo- 
phone, Ltd., has lately been trans- 
ferred to 36 Woodstock Grove, 
Shepherds Bush, 

Information on RCA radio equip- 
ment and valves is obtainable from 
the Engineering Products Depart- 
ment at the same address. (Tele- 
phone: Shepherds Bush 1200.) 

Messrs. Fielden (Electronics), Ltd., 
on the completion of their new fac- 
tory, have moved to Paston Road, 
Wythenshawe, Manchester. 

Messrs. F. C. Robinson & Part- 
ners, Ltd., have moved from their 
old address to 287 Deansgate, Man- 
chester 3; telephone numbers Deans- 
gate 6607 and 6602. 


Publications Received 


A Review of G.E.C. Progress in 
1949. 

This is an account of the com- 
pany’s progress and activities dur- 
ing the past year. Further details 
of any aspect of this report may 
be obtained from the General 
Electric Co., Ltd., Magnet House. 
Kingsway, London, W.C.2. 


Synopsis of Cintel Instruments. 

This leaflet lists the full range 
of electronic instruments made by 
Cinema-Television, Ltd., Worsley 
Bridge Road, Lower Sydenham, 
London, S.E.26. 


Export Marketing. 

This booklet reviews the export 
position during the last 20 years, 
and gives suggestions for improv- 
ing individual firms’ production. 
It can be obtained from The 
Osborne-Peacock Co., Ltd., 47 Can- 
non Street, E.C.4. 


G.E.C, Sound Equipment. 

The range of equipment described 
in the publication is built to 
a system of rack assembly, whereby 
any number and combination of 
sound inputs, amplifiers, remote 
control and monitoring devices, 
— gear, etc., can be made 
bs to form a complete equipment. 

e General Electric Co., Ltd.. 
Magnet House, Kingsway, W.C.2. 


Permanent Magnets. 

The purpose of this pamphlet is 
to provide a quick reference to the 
** Kclipse ’”? standard ranges of per- 
manent magnets. James Neill and 
Co. (Sheffield), Ltd., Composite 
Works, Sheffield 11. 


Review of Activities during 1949. 

This is an outline of the achieve- 
ments and interests of the English 
Electric Co., Ltd., Stafford, during 
1949. 


The BEAMA. 

A short account of the BEAMA’s 
growth and activities. Copies obtain- 
able from the British Electrical and 
Allied Manufacturers’ Association, 
36 and 38 Kingsway, London, W.C.2. 


DC/AC Convertors. 

Some recent literature on DC/AC 
convertors published by Valradio, 
Ltd.,- 57 Fortress Road, Kentish 
Town, N.W.5. 


Marconi Broadcasting. 


This booklet describes recent 
advances in broadcasting _trans- 
mitters and general equipment 


manufactured by Marconi Wireless 
Telegraph Co., Ltd., Marconi House. 
Chelmsford, and some of their uses. 
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MEETINGS THIS MONTH 


INSTITUTION OF ELECTRICAL 
ENGINEERS 


Unless otherwise stated, all meetings 
are held at 5.30 p:m. at the Institution 
of Electrical Engineers, Savoy Place, 
London, W.C.2. 


Measurements Section 


Date: April 4. . 

Lecture: Dielectric Admittances in Trans- 
formets. 

By: A. H. M. Arnold, Ph.D., D.Eng. 


Date: April 18. 

Discussion : Py yt emenngrer 

Opened by; 5. A. Hall, B.Sc., and C. R. Barber, 
B.Sc. 


Radio Section 


Date: April 12. 

Lecture: A Review of some Television Pick- 
up Tubes. 

By: J. D. McGee, M.Sc., Ph.D. 

Lecture: The Design of a Television Camera 
Channel for Use with the C.P.S. Emitron. 

€. L. White, M.A., Ph.D. and M. G. 

" aaron, B.Sc (Eng.). 


Date: April 24. 

Discussion : The Relation between Production, 
Operation and Maintenance of Service Radio 
Equipment. 

Opened by: D. H. Hughes. 


Cambridge Radio Group 


Date: April! 18. Time: 8.15 p. 

Heldat: The Cavendish Lebeomere. Cambridge. 

Lecture: The Structure, Electrical Properties 
and plications of the Barium-Titanate 
Class | Ceramic Materials. 

By: Professor Willis Jackson, D.Sc., D.Phil. 


North-Eastern Centre 


Date: April 20. Time: 7 p.m. 

Held at: The Literary and Philosophical 
Society, Westgate Road, Newcastle-on- yen. 

Lecture: The Faraday Lecture on ‘‘Radar”’ 

By: R. A. Smith, M.A., Ph. 


North-Eastern Radio and 
Measurements Group 


Date: April 3. Time: 6.15 p 

Held at: King’s College, comaahes on-Tyne. 
Lecture: Radar Automatic Tracking. 

By: F. J. V. Ritson, B.Sc. 


Scottish Centre 


Date: April 18. Time: 7 p.m. 

Held at: Royal Technical colar Glasgow. 
Lecture: Faraday veg on “ Radar.’ 
By: R. A. Smith, M.A., 


South Midland Radio Group 


Date: April 27. Time: 6 p.m. 

Held at: The James Watt Memorial Institute, 
Great Charles Street, Birmingham. 

Lecture: Energy Conversion Devices for 
Electrical and Electronic Measurement of 
Non-Electrical Quantities. 

By: J.C. Finlay. 


Southern Centre 


Date: April 19. Time: 6.30 p 

Held at: The Technical College, Brighton. 

Lecture: The Continental Development of 
Single-Anode Mercury-Arc-Rectifier Valves 
for High Power. 

By: H. von Bertele. 


BRITISH SOUND RECORDING 
ASSOCIATION 


Date: April 21. Time: 7p 

Held at: Royal Society of pA a ‘John Adam 
Street, W.C.2. 

Lecture: Practical Microgroove Recording and 
Reproduction. 

By: AR. Sugden and R. W. Lowden, 














SECRETARIES OF ASSOCIATIONS 


INSTITUTION OF ELECTRICAL 
ENGINEERS 


The Secretary, Institution of Electrical Engineers, 
Savoy Place, W.C.2. 


Cambridge Radio Group 


G. E. Middleton, M.A., University Engineering 
Laboratory, Cambridge. 


North-Eastern Radio and Measurements 
Group 


G. A. Kysh (Asst. Sec.), Carliol House, New- 
castle-on-Tyne, | 


North-Western Radio Group 


A. L. Green (Asst. Sec.), 244, Brantingham 
Road, Chorliton-cum-Hardy, Manchester, 21. 


South, Midland Radio Group 


W. H. Brent, B.Se., Regional Director’s Office, 
Midlands Region (G.P.O.), Civic House, Great 
Charles Street, Birmingham, 3. 


BRITISH INSTITUTION OF 
RADIO ENGINEERS 


The General Secretary, 9, Bedford Square, 
London, W.C.}1. 


Scottish Section 


A. A. M. Turnbull, A.M.Brit.I.R.E., 68, Launder- 
dale Gardens, Glasgow, W.2. 


West Midlands Section 


R. A. Lampitt, A.M.Brit.I.R.E., 20, Northfield 
Grove, Merry Hill, Wolverhampton. 


INC. RADIO SOCIETY OF GT. BRITAIN 


General Secretary, New Ruskin House, Little 
Russel Street, W.C.1. 


BRITISH SOUND RECORDING 
ASSOCIATION 


Richard W. Lowden, ‘‘ Wayford,’’ Napoleon 
Avenue, Farnborough, Hants. 


TELEVISION SOCIETY 
Constructors Group 
G. T. Clack, 10, Tantallon Road, Balham, London, 
S.W.12. 


Midland Centre 


W. Summer, 31, Beach Road, Bournville, 
Birmingham, 30. 


Leicester Centre 
A. E. Moore, 110, Doncaster Road, Leicester. 


RADAR ASSOCIATION 


Technical Committee: J. C. Warren, 57, 
Gallows Hill, Kings Langley, Herts. 


INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 


H. Fox, A.M.I.E.E., Engineer-in-Chief’s 
a od (T. P. Branch), Aider House, E.C.1. 


INSTITUTION OF ELECTRONICS 


Lecture Sec.: W. Summer, 31, Beech Road, 
Bournville, Birmingham, 30 


North West Branch 
L. F. Berry, 105, Birch Avenue, Chadderton, 
Lanes. 
SOCIETY OF RELAY ENGINEERS 


T. H. Hall, M.Brit.I.R.E., 23, Dalkeith Place 
Kettering, Northants. 














INC. RADIO SOCIETY OF GREAT 


BRITAIN 
Date: April 28. Time: 6.30 p 
Held at: Institution of Secerical “Engineers, 


Savoy Place, W.C.2. 
Lecture: Mobile V.H.F. Equipment. 
By: J.R. Brinkley, A.M.Brit.I.R.E. 


INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 


Date: April 19. Time: 5. p.m 

Held at: The Conference Room, 4th Floor, 
Waterloo Bridge House, 

Lecture: Applied Mathematics. in the Tele- 
phone Area. 

By: E. Hopkinson, B.Sc., A.M.I.E.E. 


SOCIETY OF RELAY ENGINEERS 


Date: April 25. Time: 2.30 

Held at: Lecture Hall at the cvheey Society of 
Arts, John Adam Street, W.C.2. 

Lecture: Wired Television. 

By : A Technician from Messrs. Link Sound and 
Vision Services, Ltd. 


INSTITUTION OF ELECTRONICS 


North West Branch 


Date: April 18. Time: 6.30 p 

Held at: The Reynolds Hall, College of Tech- 
nology, Manchester. 

Lecture : Cathode Ray Tubes for Television. 

By: J. A. Darbyshire, M.Sc., Ph.D., F.inst.P. 


TELEVISION SOCIETY 


Main Society and Constructors’ Group 


Date: April I4. Time: 7 p.m. 

Held at: The Cinema Exhibitor’ 's Association, 
164, Shaftesbury Avenue, W.C. 

Lecture: The Correction of Telephone Lines 
for Television Outside Broadcasts. 

By: T. Kilvington. 


Midlands Centre 


Date: April 3. Time: 7 p.m. 

Held at: Lecture Hall (Ist Floor), The Crown 
Restaurant, Corporation Street, Birmingham. 

Lecture: Producing for Television. 

By: George More O'Ferrall. 


Leicester cee 


Date : April 5. Time : 

Held at: Room 104, The Chiltce of Art and 
Technology, Leicester. 

Lecture and Demonstration : 
Television Projection Unit. 

By: Mullard Electronics Ltd. 


Large Screen 


BRITISH INSTITUTION OF RADIO 
ENGINEERS 


Date: April 20. Time: 6.30 p.m. 
Held at: London School of Hygiene and 
Tropical Medicine, Keppel Street, London, 


W.C.1. 

Lecture: U.H.F. Propagation and Character- 
istics. 

By: D. W. Heightman. 


West Midlands Section 


Date: April 26. Time: 7 p.m. 

Held at: Wolverhampton and Staffs. Tech- 
nical College, Wulfruna Street, Wolver- 
hampton. 

Lecture : Intermodulation Analysis. 

By: C.R. Amey. 

Scottish Section 

Date: April 6. Time: 6.45 p 

Held at: Institution of Eagiacers and Ship- 
builders, Glasgow. 

Lecture: Electrical Measurements. 

: F. M. Bruce, M.Sc., Ph.D. 
Joint Meeting with the Institute of Physics. 
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R.A.’s may wrangle... 


eeee but painters are practical men - they use paint 
(which has been electrically charged) to spray 
Industrial equipment without wasting a splutter. That 


Parmeko Transformers are used in this equipment to —~ a 


obtain better results is not surprising: for Parmeko 


Transformers are designed by people devoted solely to 


that task; produced on single-purposed plant, and 


used by most of Britain's largest manufacturers, 


PARMEKO of LEICESTER 


Makers of Transformers for the Electronic and Electrical Industries. 











ANEW 
HIGH 
FIDELITY 
SPEAKER 


CONCENTRIC DUPLEX 


SPECIFICATION: Series Gap magnet of ““Alcomax’’ 3 
Flux in LF gap 12,000 gauss on I” pole 

op CUED pe UPD BAUS gs. oy 55 
Power handling capacity, 6 watts. Frequency range 
50-14,000 c.p.s. Fundamental bass resonance, 65 c.p.s. 





Complete with matching 
transformer and filter 


condenser - a ‘ = £6-6-0 


De Luxe cable cabinet model £1 1-3-0 VY, Vs “4 Price £6-6-0 (without transformer) 

Corner console model, less CHb, CT MLM A 

transformer - - - - €£12-12-0 £7-7-0 (with transformer) 
me 














12° SPEAKER CHASSIS 


Highest distortion-free performance — accurate 

reproduction over widest possible audio - frequency 

range. Magnet of ‘“Alcomax’’, the most efficient 

anistropic alloy. Die-cast chassis. Flux density : 

13,500 gauss. Total flux: 106,000 gauss. Speech 
coil impedence : 15 ohms. Handling 
capacity : 15 watts. 








WHIT-BOLEY ERECT ROCAK RADIO CO. to 





NOTTS 


MANSFIELD 





























the value of 


to the electronic engineer 


Because of their unusual properties ‘dag’ dispersions 


of colloidal graphite are constantly finding new 






applications in the electronics industry. 

The films formed possess :— 

Good electrical 

and thermal conductivity and radiation. 

Inertness to E.M. radiation and electron 

bombardment. 

Opacity, Diamagnetism, Chemical inertness. 

Applied by brush, spray or dip, they may be used as :—= 
Electrodes in Cathode Ray Tubes, Geiger counters, 
radiation meters, 

Electrostatic shields for deaf aids and other instruments, 
Conducting coatings for bleeding off static, corona 
prevention, 


Resistors—printed and conventional types. 
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a * Quality of 
old Craftsmanship | 


in Modern form 


INSTRUMENTS 


d.c. coupled cathode ray oscilloscopes 


oscilloscope cameras 
valve voltmeters 
a.f. attenuators 
beat frequency oscillators 
stabilised power supply units 
high dissipation resistance boxes 


Please write for our catalogue 


FURZEHILL LABORATORIES LIMITED 
BOREHAM WOOD - HERTS 


' Tel: ELStree 1137 
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THE appreciation of 
recorded sound is always an intensely 
subjective matter. What one person may 
call “high-fidelity”? reproduction may 
cause another acute displeasure. Fortu- 
nately, however, the science of acoustics has 
established sufficient common ground for 
there to be a generally accepted “‘ ideal ” 
performance for any acoustic instrument. 


4 


To those whose concern is the attainment of 
this ideal, the symbols “ G.P.20 ” stand for 
a pick-up which more completely fulfils 
their demands and hopes than any other 
reproducing instrument at present com- 
i mercially available. With its automatic 
bass-boost, which eliminates the need for 
equalising components; an output up to 
20 times greater than lightweight magnetic 
types ; a needle pressure of only 12 to 14 
grams and a flexible stylus mounting which 
' prolongs the stylus life to at least 2,000 
playings ; and above all, a non-hygroscopic 


and unbreakable crystal element—the 
G.P.20 is indeed the most advanced 
instrument of its kind. 

¢ 


The result is an acclaimed triumph in this 
most subjective field and was achieved by 
acos research working with a long experi- 
ence of developing piezo-electric applications 
for all acoustic problems. This acos 
research is inspired by an appreciation of 
the needs of to-morrow ; hence the inter- 
changeable head for long playing records. 
The importance of this development will 
commend itself to all who make and use 
gramophones. 





COSMOCORD LIMITED - ENFIELD - MIDDX. 
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NILO K for use in seals 
in medium-hard boro-sili- 
cate glasses 

NILO 48 for thermostats ; 


operating up to 450°C. and * 
seals in certain soft glasses. 






FOR 
CONTROLLED 
EXPANSION 





NIL O 42 for oven thermo- 
stats, lead-in wires for lamps 
and valves. 








NILO 36 for clock pendu- 
lums, precision gauges, 
surveyors’ tapes, etc. 



















The Nilo alloys are nickel-iron and nickel-cobalt-iron alloys 
with small controlled coefficients of thermal expansion. 
Nilo 36 has a coefficient of expansion approaching zero at 
atmospheric temperatures. 
Nilo 42 has a slightly higher expansion, but it holds this 
figure at higher temperatures than Nilo 36. 
Nilo 48 has a coefficient of thermal expansion similar to that 
of certain soft glasses, and may be used at temperatures up 
to about 450°C. 
Nilo K has a coefficient of thermal expansion similar to that 
of medium-hard boro-silicate glasses. These glasses, having 
good thermal shock resistance, are widely used in the con- 
struction of electronic equipment. 

*Nilo is a registered trade mark 


For further particulars, write to... 


HENRY WIGGIN & CO. LTD 
WIGGIN STREET, BIRMINGHAM, 16 


36/HA/2 
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Video Oscillator 


Type. 0.221 7 Ke/s - 8 Mc/s 


Amplitude range of adjustment+ 1o0db to—gsdb on 
1 volt peak to peak, adjustable—o. sdb steps. Ampli- 
tude constant to--o.sdb at any frequency setting. 
Harmonic content better than 40 db below funda- 
mental—output impedance 75 ohms+ 5%. 


The instrument is built to meet a specification of the Designs 
Department of the B.B.C. It can be dtoa dard G.P.O. 
19” rack or alternatively is supplied with a light transportable case 
as illustrated. 
































































































































THE WAYNE KERR LABORATORIES LIMITED 
NEW MALDEN, SURREY, PHONE: MALDEN 2202. 



























































PERFECT CONTACT* 


To ensure perfect contact at all temperatures 
and to prevent undue wear of the windings BERCO 
sliding rheostats and potentiometers are fitted with 
a spring-loaded copper graphite self-lubricating 
brush operating on the flat surface of a hexagonal 
solid drawn steel tube. 

Open, protected or ganged types are avail- 
able in a wide variety of sizes. Graded windings 
can be supplied for special applications. 


Ask for leaflet No. BR601/110 





% The spring-loaded copper graphite brush is held 
accurately in alignment in a diecast holder, providing a per- 
manently lubricated contact at high temperature. The pigtail 
connection ensures current is not carried by the springs. 





SLIDING RESISTANCES 


THE BRITISH ELECTRIC RESISTANCE CO. LTD. 
QUEENSWAY, PONDERS END, MIDDLESEX. Phone: Howard 1492. Grams: Vitrohm Enfield. 
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CHARACTERISTIC 
CURVES 


Somerford 
formers showing fre- 
quency response between 
20 cycles per second and 
25,000 cycles per second 
are , available upon 
request. 








Trans- 









of 
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SOMERFORD. A range of Output Trans- 
formers designed to ensure high quality and reliable 
performance. Suitable for single ended or push- 
pull circuits, they cover the widest limits of the 
audio frequency band May be used with con- 
fidence for the most exacting circuits. 






Write for our 
latest Folder 
giving complete 
details of the 
SOMERFORD 
and MINIFORD 
Transformers 


SOMERFORD - 





. TRANSFORMERS 


These two standard ranges of Output Trans- 
formers will meet all the normal needs of the 
home constructor. They provide a degree of 
accuracy, quality and dependability which cannot 
be surpassed. 


MINIFORD. A range of high quality trans- 
formers of economical design which provide 
excellent reproduction for domestic purposes, 
but over a more restricted range of audio frequencies 
than the Somerford Transformers. 2, 4 and 8 watt 
types suitable for all outputs. 


CS aRDNers Raion, 


CHRISTCHURCH - 


Phone: CHRISTCHURCH 1025 


HANTS 

















UNITED INSULATOR COMPANY LTD - 











Cables: Calanel, Surbiton 





TOLWORTH - SURBITON ’ 


Telephone: Elmbridge 5241 





TELL 








SURREY - ENGLAND 
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Swedish Agents : 
Messrs, Elektroutensilier, 
Rasundavagen /01, 

Stockholm-Solna, Sweden. 


INGSTHORPE NORTHAMPION racovonccaco] = | 




















Maintenance 
Manual of 
ELECTRONIC S/o ae pan leapt 


dustrial Editor, Electrical Construction 


CONTRO i { and Maintenance. 9 x 6. 38s. 6d. 


Here is a practical installation, maintenance, and service manual 
for the electrical and electronic‘technician. Designed to bring you 
the best methods and practices in the field of electronic control, 
this book reflects the experience and knowledge of engineers who 


are specialists on the various types of equipment discussed. 


ia. 


Readily Available from all Booksellers 


. 





McGraw-Hill Publishing Co., Ltd., Aldwych House, London, W.C.2. 














1950 April, 1950 Electronic Engineering 27 


nance DOGILLATORS *" 


il 





aS Rae 


Resistance Tuned Oscillators 
of low distortion for general 
laboratory use. 


Ranges : 
400A 20 - 20,000 c/s. 
‘ 400B 20 - 200,000 c/s. 
400C O} - 1,000 c/s. 


Features : 


Long scale length 
No zero setting 
Constant output voltage 
Low distortion 


Complete data forwarded on request to : 





INSTRUMENTS LTD 130 UXBRIDGE ROAD, HANWELL, LONDON, W.7 EALing 6215 
* Visit ELECTRONICS CENTRE, our London Showrooms, 83 Piccadilly, W.| ; MAYfair 4613 


—,| First L.F. ULTRASONIC GENERATOR 


offers unlimited power for 
Industrial Processes 


For the first time, a magnetostriction generator is 
available for commercial purposes. This latest applic- 
ation of Ultrasonics to Indus: ry is one more develop- 
ment from Mullard Research. There are three models 
giving power outputs of 250 watts, 500 watts and one 
kilowatt and larger units are available to order. 
Almost unlimited power can be provided for 
industrial applications over a wide field. 











TRANSDUCER 









These generators possess the following features: 
Magnetostriction head designed for immersion directly into conductive or non-conductive liquids. 
Rack mounted generator for ease of servicing. 

Simplified controls for operation by semi-skilled personnel. 
Transducer capable of being installed into existing plants. 
Standard frequency ranges 15 Kc/s, 20 Kce/s, 25Kc/s. 


=a Mullard 


the B.I.F. Mullard Electronic Products Limited 


— ELECTRONIC EQUIPMENT DIVISION, ABOYNE WORKS, ABSOYNE ROAD, LONDON, S.W.1I7. | 
+(M1320) 


+ + + + 
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The TRUE TEST ofan | 


a 71, WT. g ML 17 


The “SELECTEST ”’ is built for the main job in 
radio servicing — that of measuring VOLTS, 
AMPERES and OHMS — and nothing else. That 
was the intention. The result is that it does this 
job accurately and reliably — and will continue to 
do it. There is no better instrument for the job. You 
can rely on a “SELECTEST”’ — it’s a G.E.C. 
Measuring Instrument. 


Cat. No. M4111. Price £16.5.0 


VOLTS AMPS OHMS 


A.C. 7.5, 15, 75, 150, A.C.75, 150, 750mA. 1,000 
300, 600, 750, 1,500. 1.5, 7.5. ISA. 7 
D.C. 150mV.300mMV. He's 3 15 30 10,090 
1.5, 3, 15, 30, 75, “gig sh va lige 4 , 100,000 
150, 300, 600, 750, 150, 300mA. 1.5, 3, 4 
1,500 V. 15, 30 A. | Megohm. 


Please send tor leaflet No.X334 F.S.D. | mA 


SELECTEST ea 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2. 














eres 
ORIGINAL | means BULGIN components 


DESIGN For individual needs, with the high quality 
and performance born of 25 years’ research. 





GRY IDQAT A/ TOA , 


List No. M.V.1-12 WW 
List No. D.600 List No. $.277 List No. $.104 


List No. M.V.1-12. 60 watt List No. D.600. ‘Lens ’-bush of List No. §.277. Popular 2-pole List No. S.104. Low-voltage 2-pole 
variable resistors in a wide range 1} in. dia., in RED, GREEN, AMBER, ON-OFF switch, for 6-250V., 3A. ON-OFF switch, for 30V., 3A. max., 
from 6Q, 19 max. V-drop at 3.16A., BLUE, etc. Provides brilliant panel max. circuits. Ag.-plated contacts, 0.01( average contact-Q. Type- 
to 2.0KQ, 346 max. V-drop at illumination by separate rear-fixed and laminated construction for tested for 25,000 ops. minimum, like 
eink Approx. 5} in. long by lamps. extra-long life. all BULGIN SWITCHES. 

in. high. 


Over 2,000 types of components available 


FOR ILLUSTRATED OTHER RANGES INCLUDE: Fuses and Holders, Plugs and Sockets of all types, Pilot 
WRITE CATALOGUE Lamp Holders, Chokes, Crocodile Clips, Test Prods, Terminals, Moulded Knobs, Signal Lamp 


Price I/= post free. Fittings, Valve Top Connectors, etc., etc. 


A. F. BULGIN € CO. LTD. 
BYE-PASS ROAD, BARKING 


telephone: RlPp'eway 3474 (5! 
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Which switch 


fits the 


niche Zz 


TYPE 8.1. 


By the time that has rolled round your tongue half a dozen times the Type 
B.T. Switch could be fitted! It’s that sort of switch—small, compact, designed 
specially to fit easily into small spaces. It'll save you a lot of trouble. We have 


recently included some new features. Here they are — 


© The contact blades are fixed in a new way. 
This makes them completely rigid all the time. 


The drive spindle is positioned definitely in 


WALTER SWITCHES —-MADE FOR LIFE the wafer. This provides double bearing. 


Steady contact resistance. 


* Improved insulation between contacts. 
Walter 
$ 4 Positive contact. 


] i 4 { r bj i iY il | § Self-cleaning action. 


All these make the Type B.T. a better switch 

LIMITED | —more efficient and lasting. In fact just the 
switch you need for limited space and 
simple switching. 


WALTER INSTRUMENTS LIMITEC, GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421-2-3 
“C.R.C.47 
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FSG. C QUARTZ CRYSTAL UNITS 


For Reliable Radio Communications 


From take-off to landing, the safety of passen- 
gers, cargo and machines is largely dependent 
on trouble-free radio communication. 
Weather reports, conditions at terminal airports 
etc., must be reported to aircrews. 
Navigation by radio beacons plays an important 
part in keeping the planes flying safely on their 
assigned routes. 
Be sure, then, that the Quartz Crystal Units in 
your radio equipment are the best obtainable, 
for they are the most critical components. 
Pioneering research and experience in making 
over a million units, ensure a product of the 
finest available quality at competitive prices. 
We can give rapid delivery for your urgent 
requirements. 

When the requirement is exceptionally 
urgent, phone Middleton (Lancs.) 2424 
or Temple Bar 4669 (London). 




































eet “ : i i 
SALFORD ELECTRICAL INSTRUMENTS LTD. sattono’s-vancs. 


Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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— ALL-POWER — 
CONSTANT VOLTAGE LABORATORY SUPPLIES 


We can supply Standard, Semi-standard and Special Power Supply Units 
to meet any requirements. These Units provide an _ exceptionally 
constant and stable power source for use in Meter Calibration and 
Standardizing Laboratories, and for accurate Research work of all types. 


MODEL 102-A 





OUTPUT - - 220-320 VOLTS, 0-250mA. 
STABILIZATION RATIO- - - >20,000. 
INTERNAL RESISTANCE - <0.05 OHM. 
OUTPUT RIPPLE - - - - >> ImV.R.MS. 


ALL-POWER TRANSFORMERS LTD. 


CHERTSEY ROAD, BYFLEET, SURREY. 





TEL. BYFLEET 3224, 3225. 
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THE NAGARD TYPE 103 OSCILLOSCOPE & Oscillometer 


FIVE INSTRUMENTS IN ONE! 


The new D.C. amplifier with 10 mc/s response gives exceptional definition 
_ of complicated wave forms, rise time of 0.05. seconds being observable. 











1 A VERSATILE, easily operated THE unit construction of the Nagard 
means of displaying, measuring 7ype 103 adds even more facilities as 

and recording all kinds of D.C. and when you need them. 
and A.C. phenomena. All measurements are aided by the 
ability to see on the 5 in. screen a steady 
FREQUENCY METER accurate undistorted picture of the signal under 

to 2 per cent up to 10 Mc/s. observation. 

The simple controls facilitate easy ob- 


3 TIME INTERVAL METER  seryations and pleasurable work. 
down to 0.05 secs. 
4 VOLTMETER—10mV to 1000 be tee 
V.D.C. or A.C. to 10 Mc/s. NA an 7 
5, NEW TYPE D.C. AMPLIFIER “CARI 


—voltage calibrated—high gain. | See what 
yo 









Grams: Intertel, ~~ 


245, BRIXTON ROAD, LONDON, S.W.9.  cioproad, London se 


Phone: 
BRixton 3550 


=e 











RECTANGULAR INSTRUMENTS BY 


These three rectangular instruments are designed 

on symmetrical lines, thus giving a distinctive clear 

open scale and pleasing appearance. Each size 

available in all standard ranges. The Series 65 and, 
35 can be fitted with dial illumination. 





Series 65 Series 35 : Series 30 


MEASURING INSTRUMENTS (PULLIN) LTD. 


Electrin Works, Winchester St., Acton, London, W.3. Telephone ACOrn 4651/3 & 4995 
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EKCO 


RADIATION 
MONITORS | 

Ekco portable Radiation Monitors 3 
are made in 3 types, covering Beta, 


X and Gamma radiation from !0KeV 
upwards. When dealing with X-rays 





DRAYTON MOTOR UNITS 


R. Q. G. 
GEARLESS MOTOR UN:T 


A miniature capacitor induc- 
tion type motor running at 2,700 
r.p.m. Normally supplied with 
built-in fan, condenser mounted 
on fan cover. Motor can be sup- 
plied totally enclosed, condenser 
separately mounted. For contin- 
uous or intermittent running in 
either direction or continuously 
reversed. Torque : 1.75” oz. | 








or radioactive isotopes in any form 
there is an imperative need for 
instantaneous indication of the health 
hazard: these Monitors meet this need. 





| iid 























R. Q. R. . : 5 
GEARED MOTOR UNIT | TYPE 1043C | TYPE I118A | TYPE 1132A 
The R.Q.R. is a compact, self- | | 
contained component, consisting | baie | 
of the R.Q.G. motor geared to a yoy ace 7. | : * = - 
final shaft. Supplied for con- mn/ne fed 
tinuous or intermittent running : : ' ; G 
in either direction, with or without USE Gamma dosage and Beta _ | X radiation 
self-switching. An additional | qualitative detection | 10KeV upwards 
two-way switch is fitted, actuated I 
by the final shaft, for operating 
auxiliary gear. Final shaft speed : Col ! Linear Amplifier —Scaler Unit 
27m.p.r. to 600 r.p.m. Torque 60” E. K. Cole Ltd. can now supply — Power Unit — Vibrating Reed 
Ibs, to }” Ibs. according to speed. a complete range of equipment Electrometer —Ratemeter— 
for the radiochemical labora- Radiation Monitors. 
tory. Write for catalogue giving General purpose, Liquid type, 
Supplied for Voltages 100/120 or 200/250 A.C. 50 cycles. specifications, prices etc. Smimersion type and Gas Analy 


sis G.M. Tubes — Square, Circular 


Send for List No. M 302-2 R.Q. 8 a K C 0 gid Rebbe Lond Coots — 
DRAYTON REGULATOR & INSTRUMENT CO. LTD., ELECTRONICS 


See the complete range on Physical*Society Exhibition : 











WEST DRAYTON - MIDDLESEX. West Drayton 26II Stand No. 81 and B.I.F. Stand No. C52 (Olympia) 
E. K. COLE LTD. (ELECTRONICS DIVISION) 
5 VIGO. STREET. LONDON. W.!1 














Resistors. A parcel contai ular assorted A Midget T.R.F. Battery Portable “‘ Personal ” Kit. 
values for ¢ watt type, 6/-, n= 4 a9. A pt Kit of Parts to build a Midget 4-valve : 
Coils. Denco T.R. A, Matcnd Baie Mote > ool Lg te aa ny Forest ng es “i ne hon 
6/6 ymou reuit em Tu rame Ae: 
aT Ween a6 i: S Superhet PaedPae SM vi with Denco Iron Dust Cored Coil, thereby ensuring 
/6 pai 
L. Waves, sis or ive om, All Se ea x pe a ome gain for Single Tuned Stage covering Medium 
vils, 3/- . in stoc’ ‘eymouth t It in. x ‘aveban: ( 
# in. dia., Iron Core, get a F. or Osc., 3/6 each. 5 Valve Lineup : Ay (RF. Am: ) .IT4 (Detector, IS5 C 
Electrol; = re E tput latest 
: Tend eis = ESTABLISHED 25 YEARS = Moving Coil Speaker, snd Chassis alveedy dried end C 
# in. % li oar de, ), 4J- Suk x Lin shaped. A consumption of only 7 mA ensures long ( 
dad 50 V, 2/6 os Vv 9; 16-16uF battery life. The Kit is designed fora cabinet, minimum \ 


* Drilitic size mf in. X 44 in, X 3 in. Detailed Building Instruc- 
xf 00 V 3/6; 500. V, 4-; 16 F 500V, 5/6; B.I. Can, tions, with Practical Layout and Circuit included with Kit make assembly easy. 





rene be 500 on V, 5/-; 500 V, 4/3; 16-16, Price for C cmplete Kit af (plus it P.T.). Suitable unpolished Cabinet 
500 Vv. 5/3 oe 300 V. Ble. “AllNew Stock. © AF g Obi. <4h in. 3in, 12/8. Ever Heady BIL4 Batiery, 7 Building Instructions, 

Osmor Mi Coil Packs. Size 3+ x x Itin. Coils don Polystyrene —_,, Circuit, etc., suppli + ayy 
Fesmass “ adjustable i Su Shin. 2h 2 cient performance. ‘Factory ged Wireless less World 1d” i e z AE: Me Maine by ayptewemanne ome Lege end 
—j_ Pee. including full pe phe og § he on + 7. M "Coil § Speaker, Drilled Chassis, etc., to build this set as specified in the February 





ery Poi se 5 wet” Pack, including ready-wound Frame Aerial, available Hn canst mt of mene including W iring Diagram and detailed Assembly - 
ey ions (supplied separa’ 
isdica Tay. 30 cn AO mA. 316; ISH 20m ide.“ Wirln World” Mi dest A.C. Maine -Valve Recsver,, We an soya 
Hi, - ¥ er to build this set as specihe 
5/6 ; 20 Hy. 300 ohm 100 mA., 12/9 ; 5 Hy. 50 ohm 250 mA., 18/6 ; 20 Hy. in re se dg oo pot pong of £3. Repcint of Sacidtsmenily arentines 


250 ohm 120 mA, 18/6 ; 20 Hny 250 ar 300 ohm, 22/6. and circuit supplied separately for 9d 
jum Substantially made of gauge 16 S.W.G. with four sides; PP a, Juding Drilled Chassis, 
7 io XG in XZ jo O55 Din? bX Ain Gos Binns axe ie. All Weccuert the Wiles World” PM eloet AC. Z Valve Reever toa 3-Valve Set 


10 oe ee 5/6 ; 12 i : hey x 2p in, Si, a. in. X9 in. <a. 


16 in.x8 in. ~, 2b i in, 7/3; 16 in.X9 in. x3 in, @/ covering L. and M. Waves, for 35/. Complete re-assembly instructions available 
rk house, 25 





- 11/6. | mA., "i086, 5 mA., 4/9, ” Electronic Engin ” Valve Voltmeter. We can supply the Complete Kit 
“at L. ea cy V 50 mA, mA., 5) 6, V 160 mA., 5/ Mi of Parts, Sp iy ee he Valve, Diode and Meter, etc., to bui iid this instrument as 
250 V 100 ~ 7/6. Bridge Rectifier, ‘oe amp.. 11/9, 12 V Id amp., 12/ published in the January issue of “ Electronic Engineering,” complete wi 
12V 3amp. 19/6. 12V5 amp. 25/-. 24V 3 amp., 23/6. reprint of the wiring diagram and assembly instructions (supplied separately for 
er Transformers. Each has an nna of 230 volts. Outputs : (a) 24 volt atts, m3 teu coat of ae £3/5/0. 
taped 15V,9V, 1 ¢ 4V, at 3 amps.. 21/6 ; (b) ) 0 is” ait 15 V and 9 V at Me oe 9 rl Televisor assembly instructions showing 
—s 22/- ; (I 5 volts tapped 9V, at y amps, “hy d) 12 volts at It amps., Tare vey cd bo Practical Component layout, now available for, 5/-. We 
11/3. (e) 15 v. tapped 9 V at 6 amps., 19/9. (£) I3v. cael 9V at It amps. 11/9. Ream 3 the specified Components, including the T.C.C.—Bulgin—Morganite—W.B. 
Valve Heater Auto Transformer. Sop up or Down : (a) 1 V, 2 V, 4V, 5V or = Westinghouse—Plessey—Colvern, etc., outfits in stock. Separate Components 
6.3 volts at 3 amps., 9/6; (b) 4 volt —~, c 5 volt 2 amp. Reversible, 6/6 ; also available. 
(c) 4 volt 3 amp. to 6.3 wel 2 amp., Reversible, 6/6. “ Electronic Engineering ” Televisor. Goneiens pees of specified Componen 
Filament Transformer. 230 volts, outputs 6.3 V 14 amp., 7/6; 4 V 1¢ amp., be a instruction and y bookle' ilable for 2/6 (Midland 16. 
7/6 ; Input 200/250 V, “a CES The AV 2 ea 2asane 196, *Our b Now Comes . rebeasive Stock List, Feb yo now available, price 3d 
Denco Chassis Cutter. stable between # in. and 2$ in. dia., used with it inclu of various ‘o Kits of Parts, Component Price List of 
umn«e eure latest Television Kits, i.c., Viewmaster, Electronic, Denco, etc. 


STERN RADIO LTD., 109 and 115 FLEET STREET, E.C.4. Telephone : CENtral 5814 and 2280 When ordering please cover packing and postage. 
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THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD TELEON 


864 








Head Office: 22 OLD BROAD STREET, LONDON, E.C.2. Tel : LONdon Wall 3/41 
All enquiries to: TELCON WORKS, GREENWICH, S.E.10. Tel: GREenwich 329] 
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DISCS ENGINEERING CAREERS 
5s oe acr ates After wente d paving —_ we are ig » 
announce that the new edition of our 176- and- 
book, “ENGINEERING OPORTUN Ss,” i 
a CONDE N S ER PLAT ES now ready oe ae eaten. hie ‘ 2 
is book is, beyond argument, the finest and most 
SPEC IAL SHAPE S complete Handbook on Successful Electrical En- 
RAW MICA ineering Careers ever compiled. It should be on the 
W ASH ERS ookshelf of every person interested in any phase of 
‘te Electrical Engineering, whatever his age, position or 


“—- rience. 

his book shows, among me ames interes- 
ting matter, the easiest way o < pests B.S . 
Brit. L.R.E., CITY AND GUILDS, SPO. and 
every other important technical examination, whilst 
details are given of over 200 Courses in all branches 
of Engineering. The Electrical Group of Courses 
includes : Neon Lighting, Power House Design, 
Radio, Television, Alternating Current, Sound 
sy Projection, Mains Engineering, Measur- 
Instruments, Electrical Design, Electricity 
Supply, Electronic Engineering, General Elec- 
trical Engineering, Electrical Installations. 

The Handbook also explains the unique advantages of 
our Employment Dept. 


We Guarantee ‘“‘NO PASS—NO FEE’’ 


RITISH MICA C°L™?-BEDFORD. 


POTENTIOMETERS 


aCLANCE 





















, a If you wish to become Technically Qualified you cannot afford to miss 
a reading “ ENGINEERING OPPORTUNITIES.” In your own 
Wire-wound and Composition types. interests send for your copy of this enlightening guide to well-paid 
S Single, Ganged, Tandem Units. posts NOW—FREE and post-free. Do not neglect this opportunity 
Characteristics : linear, log., semi-log., non- of investigating the possibilities within your reac 
inductive, etc. Full details on request. BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
RELIANCE MNFG., CO. (SOUTHWARK), LTD., 337B, Shakespeare House, 17, 18 
Sutherland Road, Higham Hill, Walthamstow, E.17. & 19, Stratford Place, Oxford 
Telephone: Larkswood 3245 Street, London, W.! 
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EET: simplicity 


E.H.T. from standard line scanning 
output transformers without any 
alteration! 





Simply add three type 36EHT 
rectifiers in a tripler circuit. 


Simple... efficient... reliable... 100uA from a peak pulse 
. q input of approximately 
suitable for all sizes of tube. 2,500 V 


Write for D.S.60 to Dept. E.E.7. 


ESTALITE 


36EHT METAL RECTIFIERS 


WESTINGHOUSE BRAKE & SIGNAL CO., LTD. 


82, York Way, London, N.|. 













Three type 36EHT35 rectifiers, 
each 2) in. long by 7 in. dia., 
give an output of about 6KV at 











Nise avis 


GG yf 





“© VIEWMASTER ” 


ALL COMPONENTS AS SPECIFIED IN CONSTRUCTIONAL ENVELOPE 
LONDON _ BIRMINGHAM 


£ s. d. “ea 
Constructional Envelope, with necsoanmal nr 0 5 0 
T. ‘ondensers es 615 0 700 
W hiteley Components 6 5 0 65 0 
Plessey Equipment 512 6 512 6 
Westinghouse Rectifiers 223 Ss 32.6 
Wearite Coils and Chokes 123 8 110 0 
Colvern Wire-wound Pots 19 3 19 3 
Morganite Carbon Pots bes ny 9 0 9 0 
organite Resistors ... ee 169 16 0 
Belling & Lee Accessories tincluding fuse) 8 6 8 6 
Bulgin Accessories ke 12 6 12 6 
G. SS 29 
5 Mullard | EF5O Valves (at 21/4 each) 5 6 8 5 6 8 
1 Mullard EB91 se we 12 10 12 10 
1 Mullard EBC33 + byt 11 7 
! Mullard EL33 12 10 12 10 
2 Mazda 6K25 a 12/ 10 0 each) 15 8 15 8 
1 Mazda 6P28 .. . 3.4 ie Be 
| Mazda 6P25 . ei 15 10 15 10 
9 in. C.R.T. Mullard, Mazda or G.E.C. ... 11 610 11 610 
12 in. C.R.T. Mullard, Mazda or G.E.C. 183 2 5 15 25 
SURPLUS 
6J5GT ... - 4/6 VRI37(EC52) ...  5/- AM: 5 ae 4 
6N7GT vos VRI36(EF54) ... 6/- ): ae > ae 
VI50K( TTI)... 6/6 6H6__... ws Sle eS Eas 8/6 
6SG7 ... . 5/e 6J5G 4/6 oe ae 
8/6 6B4 8/6 CV eeEC54) . 6/6 | 


18, TOTTENHAM COURT ROAD, 
LONDON, 


SHOP HOURS : 
FULL MAIL ORDER FACILITIES 33 


W.1. Phone : MUSeum 2453, 4539 


Mondays to Fridays 9—5.30. Saturdays 9—1. 
PLEASE ADD POSTAGE 
ELECTRONIC ENGINEERING TELEVISOR 


Comprehensive Television Catalogue now available, giving full itemised parts list 
for London and Birmingham editions... . post free 


BULGIN PRODUCTS (Every Item Boxed)— 
Heavy Duty Wire-wound Resistors on ceramic formers. May be tapped at any 
point. Approximate rating, 20 watts. Available in following values :— 

300, 750, 1,000, 5,000, 10,000 ohms 3/3 
Miniature Signal Lamp Fitting for single-hole fixing. Takes standard M. E. S. eels 


available in three colours—red, green and orange... Seo 2/3 
Rotary Toggle Switches—Double Pole On/Off be a 4). 
Double Pole ag Over 4/- 
Single Pole ft 3/3 
Normal Toggle Switches—Double Pole 9 -over 3/9 
Single Pole Double Throw 3/3 
Plugs and Sockets—Octal Cable Plugs 2/- 
Flush-mounting Mains Plug and Socket 2/- 
WESTINGHOUSE AND STANDARD TELEPHONES RECTIFIERS 
W6 36v Peak Imput, 250 microamps max. D.C. Current 3/5 
Wx! 6v 4. Input, 100 microamps, max. D.C, Current 3/5 
HT49_ =120v 20mA D.C. Output Battery Eliminator type . , 10/6 
H18-30-1W ae 150mA D.C, Output Standard Power Pack type 21/9 
VALVES 
VR55(EBC33) ... 4/6 VR57(EK32) ... 5/6 9003. oi: 
1626... ww. Gf 6J7 ane oe O-  ss wo. 7/6 
6SK7GT .. 6/6 6V6 .. 8/6 TES vse ‘x an 
VR66(P61) ww. D/e VUINMUI7) ... 37/6 SD ss ae | 
ae .. 8/6 
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WHY THE. MURPHY ust fietcateti 
T.V. PATTERN GENERATOR , 
conte alae RADIO CABLES 


: , met SE FOR COMPLETE 
For the correct alignment of T.V. receivers it is 



























essential to have the complete synchronising RELIABILITY 
waveform, as used by the B.B.C., present in the 
test signal. The MURPHY T.P.G.11 provides 

L this in a small, portable equipment. The makers 

i contend that a pattern generator which does not ~~ AERIALITE 


give such a waveform is only of limited use ; 
therefore the extra cost of the right answer first 
time was a luxury their dealers could not afford 
‘ to be without. 


If you are actively engaged in Television installa- 


COAXIAL CABLES 
are manufactured under strict Laboratory con- 
ditions and to Government Specification where 
possible. Send for list of the full range of 
AERIALITE R/F Cables and Feeders. 

—=— THE D.P.O. MODEL 50—A new television 
Aerial. The best Aerial on the market at the lowest 
price. Available in two types—‘‘ London ’’ and 


mat 


| 
| 





tion, service or manufacture, you NEED the 
Murphy Pattern Generator, it is not a luxury 


svat tll 





but a necessity, and there is no comparable 


“ 



































rectifiers, alternative. ** Midlands,”’ and made up for three different styles 
at gs For full specifications write to : —— of mounting. Features: Low-Loss Insulator, Water- 
ete —— f Plug Assembl Accessibility. Eas 
oximately proo g Y> y Y 
F. LIVINGSTON HOGG —— _ Erection, Strength, Broad Bandwidth, 
65, BARNSBURY STREET, LONDON, N.1. pesca crank Rigidity. (Prov. Patent 26255/48.) 50 
or Telephone TU Dor 5277 ——— 
for a demonstration ee oe 
F. LIVINGSTON HOGG, SPECIALIST ria leu. 
: IN HIGH-GRADE INSTRUMENTS pa isa sae 
E R Ss FOR THE COMMUNICATIONS INDUSTRY CASTLE WORKS, STALYBRIDGE, CHESHIRE. 
» LTO. i ‘ x ————————__ Send for our booklet ‘‘ Bring the World to your Door”’ 
a for details of all AERIALITE Products. 
sistiawadigabnsg 
D, hen 
scophon 
. : 19” PANEL RACKS. Four Poster Construction, 12” we. — 
314” Panel Space ee ae 
AGE TRANSFORMERS & CHOKES 5’ 3” Panel Space of ¥ Ke oh 3 10 0 
° 5’ 3” Panel Space, 16” deep oe ri ci con ee aes @ 
t designed and manufactured to danas tapped O.B.A 
rts list suit your specific needs 10" x 6"x2)” 18G.Steel 6/3 16G. Aluminium —_7/- 
ost free ix 8x Ze" $s 6/9 i 7/9 
17”x 6”x2}” »” > 7 8/ 
Wx 8° x2 » a 9/3 
17” x 10” x 23” 9» 9/6 ms 10/6 
at any 17". x 12°29" R 11/- ps 12/- 
. HERMETICALLY 17” x 14” x 23” a 12/6 
3/3 Other sizes to order. 
5. heat, SEALED TYPES ANGLE BRACKETS-—Steel from 2/6 pair, Aluminium from 2/9 pair. 
| 19” RACK PANELS— 
z- -up to | KVA. Sizes from , 14G. Steel .. he a 2/9 to 9/9 
3/3 1}’-12}” 16G. Aluminium .. = 3/- to 9/9 
3/9 With turned ~ edges to — strength. 
4” Steel Panels available to order. 
hd DOUBLE and Standard Finishes—Steel in _— and Grey Glossy Stoved Enamel. 
| Aluminium self-coloured. 
ale AUTO-WOUND Black and coloured Wrinkle Enamels extra to order. 
RS OIL/AIR SMALL INSTRUMENT CASES—18 Gauge Mild Steel Box with 
Hermetically Sealed Transformer 16 Gauge Aluminium Front Panel secured by four screws. 
3/5 y Finished in Black Wrinkle Enamel— 
3/5 =m mnt COOLED TYPES er xa x4". 8/6 «12"x8"X4" 4. 12/6 
10/6 = Hh nN f = -up to 50 KVA. S°x6"x4" 4. 10/6. 12°x8°x6" .. 15 
21/9 ; DE LUXE INSTRUMENT CASE—12’ x8” x5’, with Chromium- 
(Single or 3-phase) plated Handle and P.V.C. Feet— 
Louvred Back with Steel Front Panel 21/- 
With Aluminium Front Panel 22/ 
1/6 Chassis to fit—Steel, 4/6, Aluminium ‘6[-. 
i Carriage—Postage and Packing, 1/6. Paid on orders over £2, 
Ub Illustrated Lists and Trade Terms on request. 
ie one eee Oe ney — REOSOUND ENGINEERING & ELECTRICAL COMPANY 
SCOPHONY-BAIRD LTD., (Division 6), WELLS, SOMERSET. “Reosound Works”, Coleshill Road, SUTTON COLDFIELD. 
i elephone : WELLS 2061-5. Tel. SUT. 4685. Grams - Reosound, SUTTON COLDFIELD. 
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Principles of 


Television 


a 
Reception 
UMMEDIATE 
By A. W. Keen, M.LR.E., DELIVERIES 


A.M. Brit.J.R.E. FOR WOME & EXPORT 






























ECO-AK ameiisis R.A CABLES 






























HIGH POWER 
PLEXIBLE 





A systematic treatment, including a 
stage-by-stage examination of the re- 
ceiver, and a review of the problem 
of natural-colour television. This is 
a thoroughly up-to-date book and 
a most useful study of the subject 


Illustrated, 30/- net. 











{38a CROMWELL ROAD 





TRANSRADIO LTD. 


CONTRACTORS TO HM COVERNMENT LONDON. SW] 


PITMAN, Parker Street, Kingsway, London, W.2 




















PLAN YOUR HIGH VOLTAGE , 
CAREER | LOW CURRENT 


Sg, RADIO - TELEVISION | 
4g and other INDUSTRIAL 
ud othe upesTauat |) EQUIPMENT 
7} ELEMENTARY & 
} KDVANGED COURSES 


DAYTIME 2,000 ae 50,000 Volts 


@ Principles and Practice of Radio—1 year. 
QO — ImA 











@ Telecommunication Engineering—2 years. 


@ Electronic Engineering—3 years (including one 
year’s practical training in E.M.I. Factories)— 


leading to C & G full Technological Certificate. Stabilized and Variable Outputs 
also HOME STUDY 
@ Radio @ Television @ Industrial Electronics Write, call or ‘phone 


@ Maths. e@ Physics. 


Write for FREE BOOKLET to Dept:11 HAZLEHURST DESIGNS, 


E.M.I. INSTITUTES faze LTD., 


MARCONIPHONE 
10 PEMBRIDGE SQUARE, NOTING HILL GATE, LONDON, W.2 
Telephone: BAvowotor ISI 2 Garage 34a, Pottery Lane, LONDON, W.11. (Park 6955) 
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THE pe Ver: 


POTENTIOMETER 
type PXF 5/H 10. 

is now available for general release to the 
Electronic Industry. 





BRIEF SPECIFICATION 


Resistance range, 20 ohms to 50 K. ohms. 
Helical turns, 10. 

Rotation, 3,600 deg. 

Number of wire turns, 2,000 to 12,000. 
Wattage, 5. 





Also precision Toroidal-wound Potentio- 
meters, including 300 deg. of winding with up 
to eight tapping points. All are available 
with sealed spindles and glass terminal seals. 


Electronic Engineering 


Telephone : 


¢ 


POTENTIOMETERS 


10-1000 WATTS 






Ceramic Insulation only— 
and approved for tropical 
conditions. 

Complete Ceramic Rings for 
strength. 

Approved by all Govern- 
ment Departments. 
Reasonable Delivery. 
Specialists in all types of 
Toroidal Windings. 





Write for full details to :— 


P. X. FOX wrmiurep 


TOROIDAL POTENTIOMETER SPECIALISTS 
HORSFORTH, YORKSHIRE, ENGLAND. 


Horsforth 2831/2. - Telegrams : “ Toroidal, Leeds.’’ 
n.d.h, 








NUSOUND PRODUCTS 


Tel. GERrard 8845 136, WARDOUR ST., Home-built 
Full Mail Order LONDON, W.1. Amplifier and 
Facilities elevisor 
PLEASE ADD POSTAGE Specialists 
MAINS TRANSFORMERS : 
4 volt 2 amp. 230v pri. ... 6/9 6.3 volt 1 amp. 230 v pri. 6/9 


4 volt 3 amp. C.T. 230 v. 6.3 volt 2 amp. C.T. 230v 


pri. Re as ne pri. Se es sc.) Wee 
5 = 2 amp. C.T. 230 v. 6.3 volt 6 amp. C.T. 230v 18/6 
4 volt 6 ecm cri. 230 63 vk 3emp, "2304 
pri. cau .. 17/6 pri. ota at wo 206 
All primaries tapped. 
250—0—250v 50mA 6.3v 14A ; 5 or 4v 2A Elstone Midget ... £1 3 0 
250—0—250v 60mA 6.3v i "by 2A Drop-through type a 18 9 
250—0—250v 60mA 4v 4A ; 4v 2A Nusound drop-through type 18 9 
300—-0— 60mA 6.3v 3A; 5v 2A. Nusound half or full 
shrou Be Won tae sae Wie ot 
300v 60mA 4v 4A : “dv 2A. Nusound half of fullshroud £1 0 3 
350—0—350v 75mA 6.3v 3A; 5v 2A. Nusound half or full 
shroud... A saa «<6 ais ie ss ct are 
350—0—350v 75mA 4v 4A ; 4v2A. Nusound halforfullshroud £1 1 9 
aad log 100mA 6.3v 3A; 5v2A. Nusound half or full —— 
r 
ee 100mA 4v 4A; 4v 2A. Nusound half or full oss 
350-—0—350v 250mA 6.3v 6A ; 4v8A; O--2—63v 2A; 4v3A £4.10 0 
500—0—500v 250mA 4v 6Act; 4v 3Act; 4v 3Act; 4v 3A 
Elstone ... ie ee 376 
500—0—500v 250mA 6.3v 6Act ; 63v3Act. 5vV3A ... .. £3 7 6 


5 hy 250mA 80 ohmsEET 19/6 
20hy 150mA 250 ohms NS10 22/6 
9/ Transformers and 

'e kes wound to 
specification. 
Delivery 4-5 days. 


ECC33 8/6 
6H6 3/- 


CHOKES 

l0hy 40mA 450 ohms NS3 3/9 
10hy 75mA 150 bse NS4 4/6 
10hy 300 ohms NS5 4/6 

10hy 80mA 300 ohms NS7 Fully shrouded 
10hy 100mA 300 ohms NS8 Fully shrouded 9/6 
10hy 150mA 200 ohms NS9. Fully shrouded 12/9 


SURPLUS VALVES 

9003 5/- 6SG7 4/6 EA50 3/- 
6V6G 6/6 IS4 7/6 EF50 6/6 
oh 4/6 5U4G 6/6 955 2/ 954 2/6 
5Z4 6/6 6K7G 6/6 EF36 7/- EAC9I = 10/- 
807 7/6 EF54 7/6 6Q7 7/6 6K8 7/6 





RATCHET AND REVOLUTION 
COUNTERS 


PLEASE SEND FOR 
LEAFLET NO. 18/6 
SHOWING FULL 

RANGE OF 

‘ALBION ’ PRECISION 

COUNTERS 


MEMBERS OF THE 
BESTEC ORGANISATION 





SOLE MAKERS AND PATENTEES : 
B. & F. CARTER & CO. LTD., BOLTON, N.3. 














MAGNETIC 
RELAYS 


LARGEST STOCK IN GREAT 
BRITAIN OF RELAYS AND 
KEY SWITCHES 


Government Contractors 


RELAYS P.O. 3000 - 600 - HIGH SPEED 
ALL NEW:EX-MINISTRY GOODS 


JACK DAVIS pert. £. 
30 PERCY STREET, LONDON, W.1. 


Phones : MUSeum 7960 LANgham 4821 
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Taylor moving iron meters are 
repulsion type instruments of an 
improved and patented design, 
noteworthy is the almost linear 
scale shape from 20% to full scale. 
Available in round flush and semi- 
flush rectangular types, many 
ranges are ‘‘ex stock’’ 


Illustrated catalogues of all Taylor 
products gladly sent upon request 
SERIES 350 


Other products include: MULTIRANGE A.C. D.C. TEST METERS 
TAYLOR ELECTRICAL INSTRUMENTS LTD SIGNAL GENERATORS @ VALVE TESTERS e@ A.C. BRIDGES 


419-424 MONTROSE AVENUE, SLOUGH, BUCKS, ENGLAND CIRCUIT ANALYSERS e@ CATHODE RAY OSCILLOGRAPHS 


Telephone SLOUGH 21381 (4 lines) e Grams & Cables TAYLINS, SLOUGH HIGH AND LOW RANGE OHMMETERS @ OUTPUT METERS 
INSULATION TESTERS @ MOVING COILINSTRUMENTS 
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flux ensure flux 


continuity 

the solder wire. 
without flux—that means 
ne wasted time and 
or H.R. joints. 


Soldered joints 

Flux do no 

prolonged expos 
humidity. This has 
climatic 
Arctic to 


conditions 
the Tropics. 


ALLOYS. This table shows 
alloy 
loy | Colour Code | 
a 
45/55 Cri mson/Buff 


“40/60 Green 


GAUGES. Approximat! 
Standard | 


freedom from 


s used in Blectronic and 

“| 1as°¢ | 190% 
183°C | 227°C 

\ ye3°C | 23) 


Diam. in | Diam. |! 
Wire Gauge \ inches | 


ux and 


no waste 


e economical to use the 
racticable 


smallest P’ 
ntage. Th , 
the rapid melting—' 

€ construction—enad: es 
Solder wi 2% flux 
used for most assembly 
ses. This is more than 1% 


es. 
ux content than most other solders. 


solder 
flux 1s 


The correct proportions of 
are 


flux to 
always assured—no extra 


required. by having 


three separate cores of flux can instantaneous 


melting be 


the Meltin: Points of the three principal 


elecommunication industries. 
Sol. 


267°C | Hand soldering 
38°C | 378°C | radio and electrical 


in | 
M/ms. 


\ 


U.S.A. IM 


BRITISH MADE ERSIN 


Ersin Multicore Solder is 


reliable and effici 
cored solder that 
U.S.A. electronic 
Ersin Multicore 
import duties. 


(Right) Assembling 
Du Mont Factories, 
made Ersin Multicore 


ulticore Solders and Ersin Flux are entirely of 


SS 
es , 
— ——— 


television 
Newark, U.S.A. with British 
Solder. 


MULTICORE SOLDER 


so much more 
than any other 


even many leading 
manufacturers import 
despite freight and 


receivers at the 


British invention, 


1 aia 


obtained. 


0’ 
lied to speci 
ulk prices of 


The economies effected by 
i in Multicore 
ay an important 

in cutting production 


Soldering . W’ 

Multicore is quicker, and 
you know that you are 
using @ product that has 
iven world wide satis- 
faction for more than 


formulation and manufacture. 


—< 


NS —5/- 
Catalogue 


Ref. No. Alloy 








We will be 
ty samples and bulk — ‘wtihiinot chatek ce 
Size 1 Cartons (prices Egos engineers and radio hated nical litera- 
t) from most radio and cos a wri 
shops 


MULTICORE SOLDERS LTD. 


0 E, B 
5 y 


Tin/Lead S.W.G. 
60/40 | T 


60/40 
40/60 | 
40/60 — 


C16014] 
ci6018! 
c14013) 
C14016. 





REGent 


Approx. 
Length 
per Carto: 


26 feet | 
60 feet 
22 feet 
42 feet 
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53 Ranges with Rotary Switch Selections 


This uniquely comprehensive Test Set has 53 ranges for measuri 
AC and DC current and voltage, resistance and insulation. It 


completely self-contained, with internal batteries to provide powse 
for the ohms ranges and self-contained power pack for insulatiG@® 
measurement at 500 V. Seleetion is carried out by two 20-positid 


switches. A fully protective safety device is fitted and is operati 
for forward or reverse overload. The 150 division 6-in. scale 
uniformly divided and is fitted with an anti-parallax mirror. 

set is enclosed in a handsome bakelite case and fully complies wi 
B.S.S. No. 89, covering first grade instruments. Full details 
this, and other Weston electrical measuring instruments 
gladly be supplied on request. 


SANGAMO WESTO 


LIMITED 
ENFIELD. MIDDLESEX: 


Telephone: ENField 3434 (6 lines) and 1242 (4 lines) 
Telegrams : Sanwest, Enfield 


AREA DEPOTS: 

201§St. Vincent Street, Glasgow. CENtral 6208 
Mitburn House, Neweastle-on-Tyne. Newcastle 26867 
22,Booth Street, Manchester CENtral 7904 
33 Princess Street, Wolverhampton Wolverhampton 21912 


Printed in Great Britain by The Press"at Coombelands, Ltd., Addlestone, Surrey, for the Proprietors, Morgan Brothers (Publishers) Ltd., 28, Essex Street, Strand, 
Registered for Transmission by Canadian Magazine Post 








